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PNEUMATICS. 


T„ 


]IE science of Pneumatics treats of the density, pressure, 
and elasticity of the air, and the effects which they produce. 

The air is the fluid in which we live and breathe; it entirely 
envelops the globe, and extends to an unknown height above 
lu surface. It is, together with the clouds and vapours that 
f<oat in it, called the atmosphere. 

Anciently, the air was almost universally supposed to be 
destitute of weight: Galileo was the first who proved, by ex¬ 
periments, the fallacy of this supposition; and it is now suffi¬ 
ciently manifest, that, like all other fluids, it presses upon 
bodies in proportion to the depth they are immersed in it, and 
that the pressure is in every direction, or on all sides of such 
bodies, it differs from water and other visible fluids in the 
four following particulars:*!. It can be compressed into a 
nuich less space than it naturally possesses. 2. It cannot be 
congealed or reduced to a solid state. S'. It is of a different 
density in ever)' part upwards from the earth^s surface, de¬ 
creasing in its weighf as its distance from the earth increases. 
4. Its elasticity, or i^e force with which it springs* is equal 
^to the incumbent weight, 

The air being perfectly invisible, and ai$brding no resistance 
to the touch, it is not surprising thet, according to vulgar ap¬ 
prehension, it should not be considered^ as » solid and mate¬ 
rial substance; and yet that it peneeasea weight, and great 
power of resistai^ to other bodies, mi^illmp^ experiments 
may be deviled to proven A bladder, d]|^ at the aperture of 
the neck, may faavw its sides pressed together wi^ the greatest 
VoL. II. 




sure 
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irAiis nateriidity, trmaipareHiy, density. 


Jf^filadder is filled by blowing air into it, and a 
tfd fast round the neck, it ^becomes impossible 
es together without breaking the bladder, and 
alteration of its figure requires considerable pres- 
be resistance thus perceived, evidently prove'fe that air 


contains solid particles. 

Again, we are accustomed to say, that a vessel is empty, 
when we have poured out the water it contained; but throw a 
bit of cork upon a basin of water, and having put an empty 
tnmbler over it, with the mouth downwards, fbree it through 
the water, the cork will shew the surface of the water within 


the tumbler, Snd it will be found not to rise so high within as 
without the glass; nor, if pressed ever so hard, will it rise to 
the same levef. The water is therefore prevented from rising 
within the tumbler, by some other substance which already 
occupies the inside. This substance is the air in the tumbler, 
which, thus situated, cannot escape, on account of the superior 
■pressure of the water. In like manner, when the nozzle of a 
pair of expanded bellows is stopped, if the valve and fittings 
are perfectly close, the bellows cannot be shut; and thcaigh 
the side may be pressed rather nearer, they will, from the 
elasticity of the air they enclose, regain their original distance, 
as soon as left to themselves. 


It is the great transparenci/ of the air, which, in the common 
acceptation of the term, renders it invisible ; but the blue 
colour of the sky may be considered as the colour of the air, 
for this blueness is occasioned by reflected light. If the at¬ 
mosphere were absolutely transparent, it would reflect no 
Ught j every object which did not receive the direct rays of 
the sun, would then be in total darkness, and the stars would 


be visible at mid-day. 

According to the average of many experiments which have 
been made with the greatest care, the weight of water is to 
that of air as 832 to 1, when the barometer is at 30^, and the 


thermometer at 65*^. A cubic foot of air may be taken at 1| 
ounce, of water at 1000 ounces, and quicksilver at 13,600 
Tlie pfemure of ^e atmosphere sustains, in the tube 
*i»f a iWbmetef, a column of mercury about 3^ inches in 
H aceCM^t^ly follows that the whole pressure of the. 
ira OB my space, is equal to me weight of a 

^ ' of mt^cury on an equal base, and 30 inches in 



It! 








e, is eq^l to about I&'pounds. It has also been 
'p^ved, that the pressiH^ ef thm atmosphere ba> 
kiM of water about 34| Iset high t and the cubic 
ar^eighing Juat 1000 ouaoes, or OSif pounds, 34i 
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tuuHiplied by 62j^, th» product of which will be 2156 pounds, 
is the weight of a cojlumn of water, or of a column of the atmo- 
8])here, tlie base of which is a square foot. Hence the pres¬ 
sure of the atmosphere on the whole surface of the earth has 
been calculated to be equivalent to that of a globe of lead 60 
miles in diameter. Dr. Vince and others have estimated the 
weight at 77,670,297,973,663,429 tons. 

As the lowermost parts of the atmosphere are pressed by 
the weight of all those that are above them, it follows that the 
air must be m5re dense and compact at the earth’s surface 
than at any height above it, and wai its rarity will increase 
with the elevation. Dr. Cotes has demonstrated, that if alti¬ 
tudes in the air be taken in arithmetical proportion, the rarity 
of the air will be in geometrical proportion. For instance, at 
the height of 3J miles, the rarity of the atmosphere is nearly 
twice as great as at the surface of the earth; at the height of 
7 miles, 4 times rarer; and so on; hence the construction of 
the following table : 


At the height of-^ - 


r 


#w 

I .-r 

i / 


4 

14 


16 

i 


64 

2H 


256 

36 


1024 

42 


4096 

49 


16384 

66 

miles above 

65536 

262144 

J Hfj 

70 

>the earth, the-^ 

1048576 ^ 

77 

air is 

4194304 

84 


16777216 

91 

■ 

67108864 

1 98 i 

268435456 

105 


1073741824 

112 


4294967296 

119 


17179869184 

126 


68719476736 

133 


274877906944 

ll40^ 


t 1099511627776 J 


times 

rarer. 


By this mode of calculation it might be shewn, that a»cubic 
nch of the air ve breathe, would be so much expanded or 
rare6ed at the height of 600 miles, that it would fill a spl^re 
equal in diailieter to the orbit of Saturn. We have observed# 
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in anoUier place, that at the height of forty-five miles, the air 
begins to Mve the power of refracting, a ray of light, but 
meteors, which, it mi^ht be supposed, require air for the sup> 
port of their combustion, have been observed at much greater 
elevations. 

The pressure of the atmosphere is removed, for philosophi¬ 
cal purposes, by means of the air-pump. With this machine, 
a great variety of interesting experiments may be performed, 
in proof of the properties of the atmosphere; without it, in¬ 
deed, pneumatics would scarcely deserve the nihne of a science. 
Its construction has been much diversified by ingenious men; 
but the form of it we shall now describe has obtained very 
general acceptance. 

Fig. 1, pi. r, on a square frame, AB, of well-seasoned ma¬ 
hogany, is placed a circular brass plate G. This plate should 
be a perfect plane, free from scratches, or other imperfections. 
It may be made according to the direction we have already 
given for forming flat surfaces; and it is proper to observe, as 
well to those who intend to purchase, as to those who may 
wish to construct an air-pump, that if the plate G be not«well 
made, it will be a fruitful source of inconvenience. CC arc two 
brass barrels, each containing a piston, with a valve opening 
upwards; the pistons are workecl by means of the winch F, 
on the axis moved by which, there is a pinion or small wheel 
that fits into the teeth of the racks DD, which are aiiixed to 
the upper ends of the pistons, and by this means the pistons 
are moved up and down alternately. A brass tube, communi¬ 
cating with the two barrels and the stop-cock A, is let into the 
wood, and opens into the centre of the brass-plate at the apex 
of the additional piece d. 

The glass vessel M, to be emptied or exhausteil of air, and 
which is called a receiver, is ground quite flat on the rim, in 
order that it may so closely fit the brass plate of the pump, 
as, when placed upon it, to be air-tight. In order, however, 
to prevent the failure of an experiment, from imperfections of 
workmanship, or the accidental interposition of particles of 
dust, &c. the rim of the receiver is rubbed with a little poma¬ 
tum, hog’s lard, or tallow, and when placed on the plate G, 
it is moved once or twice backward and forward, for a very 
short distance, as a quarter of an inch, and it is pressed 
downwards at the same time. When the receiver is properly 
placed, and the cock b is shut, the pistons are worked by the 
winch, and as the air escapes when a piston is forcsd down, 
the valve of the piston opens upwards, and closes by 
pressure of the atmosphere when, the piston is 
iipiiyi: flip wards, the receiver is gradually exhausted, and 
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becomes immoveable ^pon the pump-plate. By opening the 
cock b, the air rushes again into the receiver, which is then 
loosened, and may be removed. 

It was formerly common, and the practice is not yet wholly ' 
given up, to lay a piece of leather soaked in water or oil on 
the porap-jflate, in order to make the receiver air-tight; but 
this IS a slovenly and inconvenient practice, which good work¬ 
manship renders wholly unnecessary. In using the air-pump, 
every substance containing moisture should be reraovea from 
the pump-plate', as water and other fluids give out or assume 
the form of an elastic vapour, when the pressure of the atmo¬ 
sphere is removed. 

To shew more distinctly the manner in which an air-pump 
is caused to art, the wheel and racks, with the barrels and 
valves, are represented separately in fig. 2. At the bottom of 
each barrel is a valve, which is a piece of leather or any other 
substance, covering a hole, and opening only one way, as for 
instance, like the flapper of a pair of common bellows, which 
opens to admit the air, but sufl’ers none to pass out. In the 
atr-^ump, the valves a and b open upwards, and require for that 
purpose only a very slight impulsion. The bores of the cylin¬ 
ders XY, are made as accurately cylindrical as possible, and 
Ve exactly filled by the short cylinders or pistons ey* attached 
to the respective racks. The circumferences of the pistons are 
covered with a thin piece of oiled or greased leather, to make 
them completely air-tiglrt, and they are furnished with valves 
like those at the bottom of the barrels, and opening the same 
way. Supposing the rack Q to be depressed to its lowest situa¬ 
tion, its piston will lie upon the bottom of the cylinder; turn 
then the handle from / towards m, and the rack Q will attain 
the position represented by the rack P in the barrel X. The 
space thus made between the piston and the bottom of the cy¬ 
linder, would be a vacuum, if there were no openings into it; 
but the spring of the air in the receiver, causes that fluid to 
rush along the pipe communicating with the barrels, and open¬ 
ing the valve 6, to fill the space between that valve and the 
piston. As soon as this has been accomplished, it is obvious, 
that the air in the receiver is not so dense as it was, because 
it occupies a greater space. In proceeding with the experi¬ 
ment, the handle is turned back from m towards I, where it 
was at first; and as the air which had rushed tiirough the 
valve ft, to fill the vacuum that had been made by raising the 
piston^, cannot open the valve ft, and be forced again into the 
receiver, it will, on the depression of the rack Q, force open 
the valve in the piston y*, and escape» then when the rack Q 
is raised a second time, the air by its spring again fills ,the 
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space between the two'ralveB, and therefore Buffers a second 
diminution in the receiver. In this mannisr both barrels act, 
one rack being up while the other is down, and the operation 
is continued till the spring of the air in the receiver is no 
longer sufficient to lil^ the valves a b, when the operation of 
pumping the air out of the receiver must cease; knd in most 
experiments it is by no means carried so far. 

It is evident from the preceding account of the construction 
of an air-pump, that the vacuum in the receiver can never be 

g erfect, that is, the air can never be entirely exhausted; 

ecans s the spring only of the air in the receiver, 

that ra he valve, and forces air into the barrel, and the 

barrel, ui. cKch^stroke, can only take away a certain paVt of the 
remaining air, which is proportioned to the quantity before the 
stroke, as the capacity of tne barrel is to that of the barrel and 
receiver added together. This imperfection, however, is sel¬ 
dom of much consequence in practice, because most air- 
pumps, at a certain period of the exhaustion, cease to act on 
account of their imperfect construction; for the valves usually 
consist of a piece of oiled bladder, and there is unavoidably a 
small space left between the lower valve and the piston when 
down. Also, when the air in the receiver is very rare,'its 
spring will not be sufficient to overcome the adhesion of tho 
biad^r forming the lower valve, which consequently will 
remain shut, and the exhaustion will stop, while the spring 
of the air yet remains adequate to lift the weight of the 
valve. Or, before this takes place, it may happen, that 
the air between the valves when the piston is up, may be so 
rare as to lie in the space between the two valves when the 
piston is down, without being sufficiently condensed for its 
spring to overcome the adhesion of the bladder forming the 
upper valve, and the weight of the atmosphere that presses 
upon it: in this case the upper valve will remain shut, and the 
pr^ess of the exhaustion will cease. 

To improve the air-pump, Smeaton enlarged the size of the 
lower valve, which he supported on a brass grating resembling 
a honeycomb. By this means the valve rose more easily. 
jBia also covered the top of the barrel, making the piston 
work through a collar of leathers, by which contrivance 
he took off the pressure of the atmosphere from the piston- 
valve, so that the rarefied air below it, would raise it much 
more readi^ before. Air-pumps on this construction 
haye been foofPrio answer extremely well. Air-pumps have 
elsO been maw with glass barrels, and tin. pistons, which 
have bad very little friction, and been remarkable for £beir 
excallettce. 
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To the air-pumpi tt attached the gau^e, F, or instrument 
for meastiriog the degree in which the air is exhausted or nure- 
£ed in the receiver. If a barometer be included beneath the 
receiver, the mercury will remain at the same height as in the 
open air, until the exhaustion is begun by working the winch, 
when it will begin to descend. At any stage of the operation 
it will remain at a height, bearing the same proportion to its 
original height, as the spring of the air remaining in the re¬ 
ceiver is to Its spring before exhaustion. Thus, if the height 
of the mercury after exhaustion, is the thousandth part of what 
it was before, the air in the receiver is said to be rarefied one 


thousand times. As the length of the barometer renders the 
use of it inconvenient, a tube of six or eight iitches in length, 
is filled with mercury, and inverted in the same manner as the 
barometer; it answers the same purpose, with this difference 
only, that the mercury does not begin to descend till after 
about three-fourtlis of the air is exhausted; it is called the 
short barometer gouge^ and is generally placed detached as in 
the figure, but communicating with the receiver by a tube let 
into the frame AB. Sometimes a tube of a greater length 
than the barometer, with its lower end in a vessel of mercury, 
is exposed to the pressure of the air, while its upper end com¬ 
municates with the receiver. Here the mercury rises as the 
exhaustion proceeds, and the pressure of the remaining air is 
shewn py the difference between its height and that of a baro¬ 
meter in the room; this is called the long barometer gauge: it 
is not, however, so convenient and suitable an instrument for 
general use as the former. If the tubes of these gauges be 
less than half an inch in diameter, the mercury will be sensibly 
repelled downwards, so as to require a correction for the long 
gauge when compared with a barometer, whose tube is of a 
different bore, and to render the short gauge useless in great 
exhaustions. For example, if the short gauge have a tube of 
one-tenth of an inch diameter, the mercury will fall to the 
level of the basin, when the exhaustion is one hundred and 


fifty times, and will stand below the level for all greater de¬ 
grees of rarefilction. To obviate these difficulties in some 
measure,, the short gauge may be made in the form of an in¬ 
verted syphon, with the short leg open, and the other herme- 
timdly sealed. To form a good gauge, the mercury should be 
in as pore a state as possible. 

'Smeaton invented a gauge which greatly excels the short 
barometer gauge, and which, from its form, is called the pear- 
gauge. It consists of a pear-shaped glass vessel, see fig. 3, 
sufficiently capacious to hold about half a pound of mercury. 
It is open at’ one end, and at the other end is a tube hermeti- 
27.-V0L. II. 4 B 
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cally closed at the top. The tube is graduated so as to represent 
proportionate parts of the whole capacity. This gauge, during 
the exhaustion of the receiver, is suspended in it ny a piece of 
wire over a cistern of mercury, also placed under the receiver. 
When the pump is worked as much as is thought necessary, the 

f auge is let down into the mercury, and the air re-adhnitted.—■ 
he mercury will immediately rise in the gauge; but if any 
air remained in the receiver, a certain portion of it will be in 
the gauge; and as it will occupy the top of the tube above the 
mercury, it will shew by its size the degree of exfiaustion ; for 
the bubble of air will be to the whole contents of the gauge, as 
the quantity of air in the exhausted receiver is to an equal volume 
of common atmospheric air. 1 f the receiver contain any elast ic 
vapour, generaten during the rarefaction, it will be condensed 
upon the re-admission of the atmospheric air. as it cannot sub¬ 
sist under the usual pressure. The pear-gauge therefore shews 
the true quantity of atmospheric air left in the receiver. Hence 
it will sometimes indicate that all the permanent air is ex¬ 
hausted from the receiver, except about a hundred thousandth 
part, when tlie other gauges do not shew a degree of exhaus¬ 
tion of more than two hundred times. 

When a receiver is placed upon the plate of the air-pump, 
without working the winch, it may of course be removed again, 
with as much facility as if placed upon any other surface, be¬ 
cause the air it contains resists, by its elasticity, the pressure 
on the outside; but let this counter-pressure be removed, by 
working the winch backwards and forwards, so as alternately 
to raise and depress the racks, and the receiver is found to be 
held down to the plate by a very strong force. The nature of 
this force may be easily understood by the following consider¬ 
ations: When the surface of a fluid is exposed to th^ air, it 
is pressed by the weight of the atmosphere equally on every 
part, and consequently remains at rest; but if the pressure be 
removed from any particular part, the fluid must yield in that 
part, and be forced out of its situation. Into the receiver A, 
fig. 4, pi. 1, put a small vessel with mercury, or any other fluid, 
and through the collar of leathers at B, have a wire to suspend 
a glass tube hermetically sealed, over the small vessel. Hav¬ 
ing exhausted the receiver, let down the tube into the quick- 
Mwer, which will not rise into the tube as long as the receiver 
coiitinues empty; but re-admit the air, and the quicksilver 
will immediately ascend. The reason of this is, that upon fex- 
baoattng th^ receiver, the tube is likewise emptied of air; and 
^efiifdie,wbdiliti8 immersed in the merchTy,knd the airri^ad- 
wiittod itoto ireceiver,aH the surface of the mercury is pressed 
ttptm by the air, except that portion which is covered by the 
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orifice of the tube, eonsequently it must continue to rise in the 
tube until the weiglvt of the elevated mercury presses as forcibly 
on that portion which lies beneath the tube, as the weight of 
the air does on every other equal portion without the tube. 
The rising of water in a common syringe, when the piston is 
drawn upp is owing to the same cause as the rising of the mer¬ 
cury in this experiment; the pressure of the atmosphere being 
removed from that part of the water opposed to the aperture, 
the water is obliged to yield in that part by the pressure on 
the rest of its surface. It is upon the same principle that all 
those pumps called sucking-pumps act. 

The elastic power of the air is always equivalent to the force 
which compresses it, action and re-action being always equal; 
so that the elastic force of any small portion of the air we 
breathe, is equal to the weight of the incumbent part of the 
atmosphere; that weight being tlgi force which confines it to 
the dimensions it possesses. To prove this by experiment, 
|)Our some mercury into the small bottle A. fig. 6, pi. I, and 
screw the brass collar C, of the tube BC, into the brass neck 
ofjthe bottle, and the lower end of the tube will be iraraeised 
in the mercury, so that the air above the mercury in the bot¬ 
tle will be confined there. This tube is open at the top, and 
is covered by the receiver G, and the large tube EF, which 
Itube is fixed by brass collars to the receiver, and is closed at 
the top. This preparation being made, exhaust the air out of 
the receiv< G and its tube, by putting it upon the plate of 
the air-pu».p, and the air will, by the same means, be ex¬ 
hausted out of the inner tube BC, through its open top, at B. 
As the receiver and tubes arc exhausting, the air that is con¬ 
fined in the glass bottle A, expands, and pressing upon the 
mercury in the inner tube, will raise it as high as it stands in 
the barometer. 

When it had once become known that the air is possessed of 
weight, it may be thought that it could not have been very diffi¬ 
cult to account for some of its more remarkable effects, such as 
the ascent of water in the body of a pump. The contrary, how¬ 
ever, appears to have been the case. Some Italian artists 
having received orders to construct a common pump for the 
purpose of raising water to the height of 50 or 60 feet, found, 
to tneir astonishment, that about 33 feet was the limit to which 
the water would rise. Galileo was applied to for an explana¬ 
tion of this circumstance, and as he nad adopted the current 
opinion of the age, that the only reason why water rose at ail 
in pumps was nature’s abhorrence of a vacuum, so to this 
inquiry he is said to have answered, that nature did not enter¬ 
tain the horror of a vacuum beyond 33 feet! Galileo had 
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afterwards reason to suppose that he hrfd not given a very 
philosophical answer to tne question put to^him. but Torricelli, 
a pupil of his, was the first who conjectured that water is 
elevated in pumps by the pressure of the exterior air; and that 
the amount of this pressure can counterbalance no more than 
a column of water 33 feet high. He instituted an e:tperiment, 
that at once verified his conjecture, and proved the origin of 
that important invention, the barometer. He took a glass 
tube, of about three feet in length, and two or three lines in 
diameter, hermetically sealed at one end, and open at the other; 
he filled it with pure mercury, and stopping the orifice with 
his finger, he reversed the tube, and placed the open end in a 
vessel full of the same mercury. He had no sooner removed 
his finger, than the column of mercury, which was about thirty- 
six inches long, was reduced to the length of about 28 inches. 
This height being to that of 33 feet, in the inverse ratio of the 
densities of water and mercury, he concluded that, as he had 
conjectured, it was the pressure of the air which caused both 
water and mercury to rise until an enuilibrium was produced. 
The experiment thus tried, is called the Torricellian experi¬ 
ment, and the space left at the top of the tube, is called the 
Torricellian vacuum. It is the nearest approach to perfect 
vacuum which the art of man can form, and is much superior 
to that of the best air-pump. Soon after the experiment be¬ 
came known, Pascal suggested that the proof of the theory 
grounded upon it, might be obtained, by trying whether the 
mercury remained at different heights at different altitudes, as 
for instance, at the foot and the summit of a lofty mountain. 
Upon the trial being made, it was found that the variation 
required by the theory actually occurred. This fact being fully 
established, the idle chimera, to conceal ignorance, which 
assumed as facts nature's horror of a vacuum, or the contrary, 
disappeared for ever. 

The pressure of the atmosphere is not always the same at 
the same place. These changes take place chiefly in countries 
at a distance from the equator. In Great Britain, the height 
in inches of the mercury in the barometer, varies from 28.4 to 
30.7. It has been known to vary more than an inch in a few 
hours. Supposing the surface oi a middle-sized man, equal to 
14| square feet, the pressure upon him, when the atmosphere is 
lightest, is equal to 13J tons, and when heaviest, it is about 
14| tons, the difference amounting to about 1866 pounds. The 
immense pressure we sustain does not impede our motions, 
because the pressure on one side is balanced by an equal pressure 
on the opposite side, or, in other words, the pressure is on all 
pimtits the same; nor is it capable of crushing the human 
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fnune. because the elastic force of the air, or of other elastic 
fluids within the bod^, is just sufiicient to resist every injurious 
efl'ect. We know that the human body contains elastic fluids, 
that require the usual pressure of the atmosphere to prevent 
their expanding and thereby endangering life, because at the 
tops of very high mountains, the blood sometimes gushes from 
the lungs, the nose, and other parts covered only by delicate 
membranes, which are easily burst. So far then from the 
pressure of the atmosphere being a disadvantage, it is evidently 
indispensable; and we even find, that our frame is braced, and 
that we are never more alert and active than in clear and fine 
weather, when the mercury stands highest, and consequently 
the pressure of the atmosphere is greatest; on the contrary, 
when the mercury falls, and the weight of the air diminishes, 
we feel listless and uncomfortable. Of the eflects resulting 
from changes in the weight of the atmosphere, invalids are 
often susceptible in a distressing degree. 

Before we proceed to describe a course of experiments, 
which are usually exhibited with the air pump, it will perhaps 
be acceptable if we give the simplest form of this machine, by 
which tne experiments alluded to, and others of a similar na¬ 
ture, may be performed as well, so far as regards the effect, 
^ by the more costly and complex apparatus. 

In fig. 6, MN is an oaken or manogany board, 16 inches 
long, 8 broad, and li thick. G is a cylinder or tube of brass 
or tin, 7 inches long, and I 4 diameter. K is a solid plunger 
or piston, covered with oiled leather to make it perfectly air- 
tigrit. Into the plunger is screwed a strong wire, with a handle 
at the end H, by which the plunger may be pulled up, or thrust 
down, at pleasure. At L is a stop-cock, which is more dis¬ 
tinctly represented at fig. 7. The middle circumference, AB, 
is dividea into four equal parts;—through one of the divisions 
is drilled a small hole to the centre of the cock D, and from 
the centre of the lower end E, is drilled a passage to meet the 
former in D. Also, from two of the opposite divisions, A and 
B, are drilled two passages to meet above the centre in C. 
Through the fixed part of the stop-cock, must be drilled pas¬ 
sages meeting the ends AB, of the passage ACB. The end B, 
• of the st^-cock, is soldered or screwed into the end of the 
tube G. F is a circular piece of tin-plate or brass, six inches 
in diameter. FI is a half cylinder of brass, inches long, 
and a quarter of an inch in diameter, soldered to the underside 
of the plate F, if that be tin, or cast along with it, if it be 
brass, which is tnost suitable for the purpose. A passage is 
drilled from the end I to the centre F; and through the centre 
of the plate F, a hole is made to meet this passage. The end I 
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of the half cylinder, must be screwed *11110 the immoveable 
part of the stop-cock, so as to connect the passages. The 
cylinder G must then be let neatly into the board MN, so 
that the plate F may rest evenly upon its surface, and be pro¬ 
perly secured. 

If the plate F, in this pump, be made of tin-plate, it will 
not be accurately flat, in which case it will be necessary to 
cover it, except at the aperture in the centre, with a leather 
soaked in water or oil: the plate F should therefore be made 
of brass, and ground true like those of the best air-pumps, so 
that a little bog’s lard, round the rim of the receiver, will pre¬ 
vent the access of air. When the receiver has been adjusted, 
fix the handle of the stop-cock in the direction IK; draw up 
the piston K, and the air wilt rush out of the receiver througn 
the passages into the cylinder G. Then turn the head of the 
stop-cock IK into the direction L o, push in the piston, and 
the air will be forced out of the cylinder through the passage 
DE of the stop-cock. Again, place the top of the coca in the 
direction IK, pull up the piston K, and more air will rush out 
into the cylinder G, which must be forced through the passage 
D£ as before. To let air into the receiver, place the handle 
IK, of the stop-cock, in the direction o L, and air will rush 
into the receiver through the passage ED. 

With this iostrument may be performed all the usual ex¬ 
periments of pneumatics, and it possesses so much simplicity, 
that it may be constructed at a small expense, by woikmca 
such as any provincial town or village uill furntsh. 


Pneumatical Experiments by Rarefaction, 
Relative to the Weight of the Air. 

1. Having fitted a brass cap, with a valve tied over it, to 
the mouth of a thin bottle, or Florence flask, whose contents 
are exactly known, screw the neck of this cap upon the cone 
d, of the pump-plate, G, fig. 1: then having exhausted the air 
out of the flask, and taken it off from the jpump, let it be sus- 
-peoded at one end of a balance, and nice W counterpoised by, 
weights in the scale at the other end. When this has been 
done, raise up the valve with a pin, and the air will rush into the 
flask with an audible noise; during which time, the flask will 
descend, and draw down that end of the beam. When ^e 
noise is over, put as msmy grains into the scale at the otner 
end, as wiU restore the equilibriom} and they will sliew 
exactly the weight of the quantity of air which has been 
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received into the desk. If the flask holds exactly a quart, it 
will be found that 17 grains will restore the equipoise of the 
balanch, when the mercury stands 29^ inches in the barometer. 
Hence, when the density of the air is at a mean state, a quart 
of it weighs 17 grains: it weighs more when the mercury 
stands higher, and less when it stands lower. 

2. Set the small glass AB, fig. 8, which is open at both ends, 
over the centre of the pump-plate, and cover the top of it, at B, 
with the palm of one hand; then, upon exhausting the air out of 
the glass, the hand that covers it will be pressed down and bent 
into the glass, with so much force, that il the exhaustion be car¬ 
ried far, it will he impossible to release it, until the air is re¬ 
admitted into the glass by turning the cock b, fig. 1. The air 
admitted, by acting as strongly upwards against the hand, as 
the external air acted in pressing it downwards, immediately 
renders its removal easy. The pressure upon the hand, sup¬ 
posing the exhaustion to be complete, is equal to 15 pounds 
multiplied by the number of square inches in the upper area 
of the glass. 

Tie a piece of wet bladder over the open top of the glass 
used in the last experiment, set it to dry, when the bladder will 
become tight, and equally stretched, t^lace the open end upon 
the centre of the pump-plate, and begin to exhaust the glass. 
As the operation proceeds, the spring of the air in the glass will 
be weakened, ana wall therefore give way to the pressure of the 
outward air on the bladder, which will become spherically con¬ 
cave on the top, and grow deeper and deeper, until the strength 
of the bladder be overcome by the weight of the air, when it will 
break with a report as loud as that of a gun. When the receiver 
is small, it will require some time, and a very perfect exhaustion, 
to succeed in this experiment; but if the bladder, when it has 
become very hollow, be slightly punctured with a needle, the 
expected effect will ensue immediately.—If a flat piece of thin 
glass be laid upon the open top of this receiver, and made air¬ 
tight by the interposition of hog’s lard, or a ring of wet leather, 
as soon as the exhaustion is complete, the glass will be broken 
with a loud report, as in the former case. Receivers are en¬ 
abled to resist the heavy pressure upon them when exhausted, 
•by their peculiar form ; an arch resisting pressure at all points 
nearly alike. In proof of this, it may be observed, that if the 
air be exhausted out of a square phial, the pressure of the 
atmosphere will break the phial to pieces. In trying the ex¬ 
periment. it is usual to cover the phial with a wire cage, to 
prevent any accident from the splinters of ^lass. 

4. Immerse the neck c d, of the hollow glass ball e h, fig. 9, 
in water contained in the iar a a: then set the jar upon the 
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pump-piate, and cover it and the ball with the close receiver A. 
Commence the exhanstion, and as the,air goes out of the 
receiver by its sniing, it will also by the same means go out 
of the hollow ball e h, through the neck d c; for it will rise 
up in bubbles to the surface of the water in the jar, whence it 
will make its way, with the rest of the air in the receiver, 
through the valves in the barrels to the open air. When the 
bubbling in the jar is over, the ball is sumciently exhausted, 
and then, upon turning the cock b, fig. 1, the air will get into 
the receiver, and press upon the surface of the water in the 
jar, so as to force the water up into the ball in a jet, through 
the neck e d, and will fill the ball almost full of water. l^Fie 
reason why the ball is not quite filled, is because all the air 
could not be taken out of it; and the small quantity that was 
left in, and had expanded itself so as to fill the whole ball, is 
now condensed into the same state as the outward air, and at 
the close of the experiment will remain in a small babble at 
the top of the ball, where it prevents the water from filling 
that part. 

5. Pour some quicksilver into the jar D, fig. 10, and set ^ on 
the pump-plate, near the centre d, fig. 1. then set on'the tall open 
receiver £F, so as to cover the jar and hole; and fix upon the 
receiver the brass plate C. Screw the open glass tube fg, which 
has a brass top on it at A, in the syringe H; and putting 
the tube through a hole in the middle of the plates so as to 
immerse the lower end e of the tube in the quicksilver at D, 
screw the end A, of the syringe, into the plate C. Then draw 
up the piston in the syringe by the ring I, which will make a 
vacuum in the syringe below the piston; and as the upper end 
of the tube opens into the syringe, the air will be dilated in the 
tube, because part of it, by its spring, gets into the syringe; 
and the spring of the undilated air in the receiver acting upon 
the surface of the mercury in the jar, will force part of it up 
into ,the tube; for the mercury will follow the piston in the 
syringe, in the same way, and for the same reason, that water 
follows the piston of a common pump, when it is raised in the 
pump barrel. That this effect is not produced by an inexpli¬ 
cable something, called suction, is easily proved: let the air 
be pumped out of the receiver £P, and then Uie whole of the 
mercury in the tube will fall down by its own weight into the 

i 'ar, and cannot be again raised one nair’s breadth in the tube 
ly working the syringe, which shews that what is called suction 
is inefficient; and to prove that the rising of the mercury is 
owing to pressure, admit the air into the receiver by the cock 
A, ox the air-pump, and its action upon the surtace of the 
laereury in the jar will raise it up into the tuWe, although 
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the piston of the syripge continues motionless. If the tube be 
about 32 or 33 inches nigh, the quicksilver will rise in it very 
nearly as high as it stands at that time in the barometer: and if 
the syringe has a small hole, as at m, near the top of it, and the 
piston be drawn up above that hole, the air w'ill rush through the 
hole into tlte syringe and tube, and the mercury will immediately 
fall down into the jar. If this part of the apparatus be air-tight, 
the mercury may be pumped up into the tube, to the same height 
that it stands in the barometer; but it will rise no higher, be¬ 
cause the weight of the column in the tube is then the same 
as the weight of a column of air of th<;^ ^ame diameter a.s the 
mercury, and reaching from the earth L the top of the atmo¬ 
sphere. In this experiment, and others of the same nature, 
it is impossible to deny that the mercury is supported in the 
barometer by the pressure of the atmosphere, and consequently 
every variation in the state of the atmosphere, must raise the 
mercury, if it be attended with an increase in density, or sink 
the mercury, if attended with a diminution of density. 

(). It would be needless to multijily experiments, merely lor 
the^sake of proving the pressure of the atmosphere ; but when 
a new experiment is attended with something new and pleas¬ 
ing in its exhibition, it is useful for the sake of variety. The 
following are chiefly introduced w ith this view. Take a small 
wooden cup or dish, make a hole in the bottom of it, and fit 
tightly into this hole the end of a short cylinder of dry willow 
or hazel wood, as represented by fig. 11. Draw the tubes 
AB and F out of the receiver EG, fig. 5, and place in the 
collar of leathers the end of the piece of wood projecting from 
the bottom of the cup. Pour some mercury into the cup, and 
exhaust the receiver; the pressure of the external air will 
then force the mercury through the pores of the hazel or 
willow, and cause it to descend in a beautiful shower, to¬ 
wards the bottom of the receiver, within w Inch a cup must be 
placed to receive it, that it may not pass through the hole in 
the centre of the pump-plate. 

7. To the end of a wire or rod tliat fits the hole in the collar 


of a receiver EF, fig. 10, fix a piece of dry wood which will 
easily pass through the same collar. Place the wire in the collar 
.with the wood at its lower end, exhaust the air, and push the 


wire down so as to immerse the wood in a jar of mercury on 
the pump-plate. When this has been done, let in the air; 
and upon taking the wood out of the jar, and splitting it, its 
pores will be found full of mercury, driven into it, by the 
force of the air upon being let into the receiver. 

8. Place a small receiver O, fig. 1, pi. 11, upon the pump 
plate, and cover it with the large receiver K, through a collar 

27.—Vovai. r 
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of leathers id which passes a wire, L. Xurn the wire by the 
ring, P, until its hook takes hold of the little receiver, allowing 
that receiver to stand with barely its own weight upon the plate. 
Then, upon working the pump, the air will leave both receiv¬ 
ers ; but the large one will be forcibly held down upon the 
plate by the pressure of the external air, whilst tha small one 
O, having no air to press upon it, will continue loose, and may, 
by means of the wire, be drawn up and let down at pleasure. 
But, upon letting it quite down to the plate, and admitting 
the air into the large receiver, the air will press so strongly 
upon the small receiver O, as to fix it down to the plate; and 
at the same time, by counterbalancing the outward pressure 
on the large receiver K, that receiver will become loose. 

9. Screw the end R, of the brass pipe IlST, fig. 2, upon the 
pump-plate, and turn the cock G, until the pipe be open ; 

, place upon the plate AB, which is soldered on the pipe, the 
tall receiver IK, which is close at the top ; then exhaust the 
air out of the receiver, and turn the cock G, to prevent its 
re-entering. Next, unscrew the pipe from the pump, set 
its end R into a basin of water, and turn the cock G to oj>en 
the pipe; on which, as there is no air in the receiver, the 
pressure of the atmosphere on the water in the basin will 
drive the water forcibly through the pipe, and form a jet in 
the receiver. 

10. The preceding experiments, though they shew that the 
pressure of the atmosphere is a real agent, do not supply us with 
a direct proof of the amount of that pressure ; but this may be 
accomplished in the following manner: provide two hemisphe¬ 
rical cups, R and S, fig. 3, pi. II, one of which has a ring 
that enters into the other, which serves as a socket; by this 
means, when the shoulders, or rims of the hemispheres, are 
brought together, they admit of no lateral deviation. The sur¬ 
faces in contact are accurately fitted by grinding them together, 
80 that with the assistance of a little hog’s lard or tallow, they 
are air-tight when closed. Each hemisphere is furnished with 
a handle, a d, but the hemisphere R has also a stop-cock W. 
,The handle d screws off, and it then leaves uncovered a per¬ 
foration which extends into the hemisphere, R, and conse¬ 
quently when R and S are together, the perforation commu¬ 
nicates with them both, except when interrupted by the shutting 
of the 8top-cock W. Screw off the handle d, put both hemi¬ 
spheres together, and screw R to the pump-plate by the screw 
which just before fastened the handle d: turn the stop-cock 
W, so that the pipe may be open all the way into the cavity 
of the hemispheres; then exhaust the air out pf them, and 
•Wt the stop-cock ; unscrew the hemispheres from the pump. 
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and having replaced 4he handle d, let two strong men endea> 
vour to pull the henjispheres asunder by the rings. They will 
find the task very hard to perform, and if the instrument were 
large, they would find it impossible; for even supposing the 
diameter of the hemispheres to be only four inches, yet it 
will be found, on suspending weights to one of the rings, that 
they are pressed together with a force equal to about 180 
pounds y tor the area of a circle four inches in diameter is 12 
square inches, and as the pressure of the atmosphere amounts 
to 15 pounds upon every square inch, 12 times 15 is 180. To 
shew that it is the pressure of the air alone that keeps them 
together, hang them by one of the rings of their handles upon 
the hook of the wire in the receiver K, fig. 1, (the receiver O 
being removed,) ami the lowermost hemisphere will separate 
from the other by its own weight, as soon as the air in the 
receiver is exhausted. 

Experiments relative to the Resist aiue of the Atr. 

1 . The resistance of the air is very clearly proved by the 
experiment called the two mills. This little machine is 
Represented by fig. 4, pi. II; it consists of two similar but 
independent axes fixed in a slight frame, in which both may 
turn with equal freedom. Each axis has four or more thin 
arms or vanes fixed into it; the vanes are similar in all re¬ 
spects, except in their position; those of the axis a, having 
their planes at right angles to its length, and those of the 
axis b having tneir planes in an opposite position to l,he for¬ 
mer, that is, parallel with the axis. When the wheel a revolves 
in common air, it is but little resisted, because its vanes cut 
the air with their thin edges; but the wheel b is much 
resisted, because the broad sides of its sails move against the 
air when it turns round. In each axis is a pin near the mid¬ 
dle of the frame, going through, and standing out a little on 
each side of it; upon these pins the slider d may be made 
to bear, and so hinder the mill from going, when the strong 
spring c, is set so as to bear against the opposite ends of 
the pins. 

Having set this machine upon the pump-plate under a 
receiver, with a collar of leathers to admit a wire for pushing- 
down the slider d, set the slider against the pins on one side, 
and the springe upon the opposite ends of the pins; then push 
down the slider-d, and the spring acting equally upon each 
wheel, they will both begin to move with eaual velocities, but 
the wheel a will run much longer than the wheel b, because the 
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air exerts much less resistance against rtie edges of its sails 
than against the sides of tlie sails of /;. t 

Set the slider and spring against the pins as before; then, 
having exhausted the receiver, push down the wire to disengage 
the slider from the pins, and allow the mills to turn round by 
the impulse of the spring; and as there is no air in the receiver 
to make any sensible resistance against the wheels, they will 
both move a considerable time longer than they did in tht* open 
air, and they will both he observed to stop together. Hence, 
itis evident, that the air resists bodies in motion, and that equal 
bodies meet with different degrees of resistance, according as 
they present greater or less surfaces to the air in the planes of 
their motions. 

2. Another proof of the resistance of the air is called the 
guinea and feather experiment. Take a tall receiver L, fur <"), 
covered at the top with a brass plate, containinir a collar of 
leathers for the reception of a rod g. From tlie under side, 
of the brass plate,suspend,by proper supports, t\\ o little slwlves 
which are each furnished with a liinge, to admit of their being 
turned town from a horizontal to a vertical position. Tlief'nd 
of the rod g is so formed as just to take hold of both-the 
shelves when they are in a horizontal position ; consequently 
when set to accomplish this, the rod, however little pushed 
down, will suffer the shelves to become vertical. Theshelve.s 
being set, a guinea is put upon one of them, and a feather iqxiu 
the other, and they are caused to fall at the same instant by 
pushing down the rodg, before the exhaustion of the receiver 
has been commenced; w hen it will be seen, as all would sup- 
p^ose, that the guinea will reach the bottom before the feather. 
Replace the shelves with the guinea and feather, oxhau.st the 
receiver, and then again let them full together: they will now 
descend at an equal rate, and therefore will reach the pump- 
plate at the same instant. Hence we may conclude, that the 
only reason why different falling bodies descend with different 
degrees of velocity, is entirely owing to the resistance of the 
air, which acts with the greatest force on those bodies which, 
for-their weight, have the greatest bulk. At page 27(j, vol. 1, 
this experiment has been alluded to, and its rationale explained. 

I'hperiments relative to the Elasticitt^ of the Air. 

1 . Tie up a bladder, containing a very small quantity of 
air, and place it under a receiver. Exhaust the air out of the 
receiver,and the small quantity which is confined in the bladder, 
having nothing to act against it, will be so much expnded by 
it# elasticity, as to fill the bladder as full as it could blown of 
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common air. But ufion letting tlie air into the receiver again, 
the bladder will shrink into its first dimensions. 

2 . If a bladder, tied up as for the last experiment,' be put 
into a wooden box, and nave twenty or thirty pounds weight 
of lead put upon it in the box, upon exhausting the air out of 
a receiver ]ilaced over it, the air confined in the bladder will 
expand itself with a force enabling it to raise up the lead. 

3. Take the glass ball, fig. 9, pi. I, as left at the conclusion 
of the fourth experiment on the atmospheric pressure, that is, 
full of water, excepting a small bubble of air at the top, with 
its neck downwards in the jar, a a, and covered with a close re¬ 
ceiver; exhaust the receiver, and the .small bubble of air in the 
top of the ball will expand itself so as to force all the water 
out of the ball into the jar. 

4. Upon the fiat brass plate, AB, fig. 6, pi. II, into which is 
soldered a pipe EF, furni.slied with a cock at u', place a tall re¬ 
ceiver, and screw the pipe by its screw E, upon the air-pump. 
Open the cock w, and exhaust the receiver ; then turn the cock 
to keep out the air, unscrew the pipe from the pump, and screw 
it into the mouth of the copjier vessel CC, fig. 7, which is first 
aboMt half filled with water. As soon as the cock ir is re-opened, 
the elasticity of the air confined in the copper vessel W'ill force 
the waUT through the piiu', which terminates at !■’ with a very 
small aperture, and a jet will thus be formed in the receiver, 
as perfectly as by the atmospheric pressure on the water in a 
basin, in the ninth experiment by pressure. 

5. If an animal be jilaced under a receiver, and the air be 
exhausted, it will soon become convulsed, and, in agony, ex¬ 
pire. Experiments of this ciucl nature have been tried too 
often without any useful purpose in view; but they are now 
so far exploded, as not to be exhibited by any lecturer who 
would not be thought to libel the feelings of his audience, or 
reflect discredit on his ow n. It is enough to be fully aware of 
the fact, so easily learned, that animal life cannot be sup¬ 
ported without the presence of atmospheric air, either at or 
not very greatly difiering from its medium density. 

6 . Screw the end R, fig. 8, of the pipeRL, upon the pump 
plate, and turn all the three cocks, D, F, and H, so as to make 

•a communication between all the three pipes, L, Q, and S, by 
the hollow trunk AB. The plates E and G are made truly flat 
like a pump-plate, and the ends of the pipes Q and S pass 
through their centres. Place the receiver i upon the plate G; 
shut tlie pipe S by turning the cock H, and exhaust the air out 
of the receiver I' Then turn the cock D to shut out the air, 
unscrew the .machine from the pump, and having screwed it 
to the wooden 8ir|>port M, put the receiver K upon the plate E. 
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This receiver will continue loose on the plate, as long as it re¬ 
mains full of air at its usual density, which will be until the 
cock H is turned to open the coihmunication between the pipes 
S andQ, throuch the trunk AB; and then the air in the receiver 
K, having nothing to act against its spring, will pass from K 
into I, until it be so divided between these receivei*^ as to be of 
equal density in both ; after w hich they will be held down with 
equal force to the plates by the pressure of the atmosphere, 
though each receiver w ill then be kept down with but one half of 
the pressure upon it that the receiver I had when it was ex- * 
hausted of air; because it has now one-half of the common air 
in it which filled the receiver K w hen it was set upon the plate ; 
and therefore, a force equal to half the force of the spring of 
common air, will act within the receivers against the whole 
pressure of tlie common air upon their outsides. 

7. It will be recollected, that a square phial, when exhaust¬ 
ed of air, is broken by the atmospheric pressure. Here it may 
be observed, that the same circumstance will be accomplished 
by the elasticity of the air contained within the phial, when 
the external pressure is removed. This may be done by tying 
or cementing a cork into the phial, and then placing it u«der 
a receiver; the air it contains will become active as soon as the 
receiver is exhausted, and by efforts to expand, the phial will 
be burst. In this, as in the former case, it is expedient to 
cover the bottle with a w ire cage for the purpose of confining 
the fragments. 

8 . If a shrivelled apple be placed under a receiver, and the 
air be exhausted, the spring of the air in the apple will swell 
it out till every wrinkle disappear: but upon the admission of 
the atmospheric pre.ssure, the apple will immediately resume 
its shrivelled condition. 

9. Take a fresh egg, and cut off a little of the shell and film 
from its smallest end ; then put the egg under a receiver, and 
pump out the air. As soon as the exhaustion is considerably 
advanced, the contents of the egg will be forced out into the 
receiver, by the expansion of the small bubble of air contained 
ia the large end, between the shell and film. 

10. Put some warm beer into a glass, and having set it on 
the pump, cover it with a close receiver, and then exhaust the 
air. Whilst this is doing, and the pressure is more and more 
taken ofiT from the beer in the glass, the air therein will expand 
itself, and, rising up in innumerable bubbles to the sunace, 
will thence be taken away with the other air in the receiver. 
When the receiver is nearly exhausted, thd air in the beer, 
which could not disentangle itself quickly enough to escape 
with the rest, will now expand itself so that*the beer will have 
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all the appearance ofjboiling, and the greatest part of it will 
go over the glass. 

11 . Put some waVm water \pto a glass, and put a piece- of 
dry wainscot or other wood into the water. Then cover the 
glass with a close receiver, and exhaust the air; upon which 
the air in the wood, having liberty to expand itself, will be ex¬ 
tricated in abundance, as may be observed by the bubbling of 
the water about the wood, especially at the ends, because the 
pores lie lengthwise. A cubic inch of dry wainscot, thus 
situated, will continue an incessant supply of bubbles for 
nearly half an hour together. 


Mhccl/imeotis E.iperiments. 

1. Screw the syringe H, fig. 10, pi. I, to a piece of lead 
that weighs one pound at the least; and holding the lead in 
one hand, pull up the [liston in the .syringe with the other ; 
then (juitting hold of the lead, the air will push it upwards, 
and^drive back the syringe upon the piston. The reason of 
this is, the vacmini made by drawing up the piston; and the 
air, which presses every way equally, having nothing to resist 
its pressure upw.iids, the lead i.s thereby pressed upwards con¬ 
trary to its natural tendeney by gravity. If the syringe so 
loaded be hung in a receiver, and the air be exhausted, the 
syringe and lead will descend upon the piston rod by their 
natural gravity ; and upon admitting the air into the receiver, 
they will be driven upwards again, until the piston be at the 
very bottom of the syringe. 

2. Let a large piece of cork be suspended by a thread at 
one end of a balance, and counterpoised by a leaden w eight, 
suspended in the same manner, at the other. Let this balance 
be nung to the inside of the top of the large receiver, which 
being set on the pump, and the air exhausted, the cork will 
preponderate, ana apjiear to be heavier than the lead ; but 
upon letting in the air again, the equilibrium will be restored. 
Tne reason of this is, that since the air is a fluid, and all bodies 
lose as much of their absolute weight in it as is equal to the 

.weight of their bulk of the fluid, the cork being the larger 
body, loses more of its absolute weight than the lead, and 
therefore must in fact be heavier, to balance it under the dis¬ 
advantage of losing some of its weight: which disadvantage 
being taken off’ by removing the air, the bodies then gravitate 
according to their real quantities of matter, and the cork w hich 
balanced the lead in air, shews itself to be heavier when in 
vacuo. 
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3. Set a lighted candle upon the pupip. and cover it with 
a tall receiver. If the receiver holds a gallon, the candle will 
burn a minute ; and then, after |iaving gradually decayed from 
the first instant, it will go out, whi^ shews that a constant 
supply of fresh air is necessary to support combustion, and it 
may be observed that no air but W'hat supports combustion will 
support life. A man renders unfit for breathing as much air 
in the same time as the candle in this experiment. 

The moment when the candle goes out, the smoke will be 
seen to ascend to the top of the receiver, and there it will form 
a sort of cloud ; but upon exhausting the air, the smoke will 
fall to the bottom of the receiver, ana leave the uj>per part of 
this vessel as clear as it was before it was set upon the pump. 
This shews, that smoke does not ascend because it is devojd 
of weight, but because it is lighter than air.—See page 27(), 
vol. I. 

4. Set a bell upon a cushion on the pump-plate, and cover 
it with a receiver; then shake the pump, to make the clapper 
strike against the bell, and the sound w ill be distinctly heard ; 
but exhaust the receiver of air, and then, liovvever hard ,the 
clapper is made to strike against the bell, it will make no 
sound. This is a proof of the necessity of air to the propa¬ 
gation of sound. 

Of the Condensation of Aik. 

As by lessening the pressure on any particular portion of 
air, that portion becomes expanded or rarefied ; so by increas¬ 
ing the pressure, it takes up less space, or is condensed. The 
instrument by which this effect is artificially produced, is 
called a condeming engine. 

A condensing engine is represented by fig. 9, plate II. WX 
is a barrel or hollow cylinder, called a condensing syringe; it 
has a stationary valve opening downwards at the end X ; at 
Q is a handle that works a solid piston ; and at W is a hole 
communicating with the inside of the barrel WX. When 
the piston is drawn up, a vacuum is formed in the lower 
part of the barrel, but as soon as the lower part of the 
piston is raised above the hole W, the air rushes through 
that hole and fills the barrel; but when the communica¬ 
tion with the external air is stopped, by again pushing the 
piston below the hole, the air in the barrel, as the piston 
descends, rushes out at the valve near X at the bottom, and 
passes along a tube contained in the piece F into the re¬ 
ceiver L, which is placed upon a plate similar to that of 
an air-pump. To prevent the condensed air from lifting up 
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the receiver, the latter is secured by the cross piece D, and 
ilie screw nuts KK, which take hold on the strong pillars GG. 
At every downward stroke of the piston, more air is thrown 
into the receiver, which, to sustain the elasticity of its con¬ 
tents, is made of very thick glass, strengthened as much as 
possible by careful annealing. The top of the receiver is 
covered by a brass cap, in the centre of which is a perforation 
for a collar of leathers, to admit the wire P, for conducting 
experiments, like the same contrivance for the exhausted 
receiver. The air is let out of the receiver by the cock B, 
which is at the extremity of the tube of communication. 

A gauge, IIS, is connected with this machine, to indicate 
the extent to which the condensation in the receiver is carried. 
It consists of a small glass tube, very strong, and closed at 
the end S; the other end is connected with the tube leading 
to the receiver. A small quantity of mercury fills up a part 
of the cavity about the middle of the‘tube, and the space 
between llie mercury and the closed end S, is filled with air 
of the usual density. When therefore the air is condensed in 
the vecciver, and consequently in the tube of communication, 
the mercury is impelled farther towards S, and the contrac¬ 
tion of the space between the mercury and the sealed end of 
the tube, shews the degree of condensation, as measured by 
a scale annexed. For example, if the column of air in this 
space bo forced into half the space it occupied at the com¬ 
mencement of the experiment, it is evident that the density 
of the air is doubled, and the usual expression is, that the 
receiver contains two atmospheres; if the space be reduced 
to one-fourth, the receiver is said to contain four atmo¬ 
spheres. 

Air-pumps are frequently made, which are contrived so as 
to be employed either for exhausting'or condensing at plea¬ 
sure. The air-pumps of Smeaton and of Haas are of this 
description. The object is accomplished by changing the 
communication between the cylinders and the plate of the 
pump; for as in those pumps the air is rarefied towards one 
end, and is condensed towards the other end of each barrel, 
the machine will exhaust, if the former end of the barrel be 
/nade to communicate with the plate of the pump, and the 
latter with the atmosphere; but it will become a condenser, 
if the latter end of the barrel be made to communicate with 
the hole in the centre of the plate, and the former with the 
atmosphere. 

Even the simple* air-pump represented by figs. 6 and 7, ])I. I, 
may be used as a condenser. For example, place the head or 
handle Kl, in the direction L o, pjjill up the piston, and the 
o8._Voi.. ir. D 
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external air will rush into the cylinder G ; turn the handle K1 
into the position IK, thrust down the piston, and the air will 
be forced out of the cylinder into the receiver standing on 
the Dunip>plate* Put the handle into its former position, pull 
up the piston, and proceed aa before, till the required degree 
of condensation is obtained. It is obviously necessary here, 
as in the former engine, to liave the receiver secured by two 
upright pieces screwed into the board, as at OO, and a cross¬ 
piece fastened by screws. 

When great degrees of condensation are required, iron, 
brass, or other tough metallic vessels, are the most suitable 
for receivers, and the figure which will sustain the greatest 
force is that of a globe. 

Condensed air may be applied to give motion in a great 
variety of instances, and may be rendered an agent of pro¬ 
digious power, as may be instanced in the air-gun. The con¬ 
densing syringe WX, fig. 9, pi. II, is screwed over a hole in 
a hollow metallic globe, containing a valve opening inwards, 
and is employed to condense the air in the globe to the amour»t 
of ten or twelve atmospheres. When thus filled, the globe is 
sciewed upon a machine usually made in the form of a com¬ 
mon gun. If the valve of the globe were open, the whole is 
so contrived that the condensed air would rush upon the 
bullet, and drive it violently out of the barrel. The office of the 
lock is therefore, according to the size of the globe, to open 
the valve only so far as may be requisite to let out, at one 
stroke, sufficient air to impel a single bullet, the remainder 
being reserved for the repetition of the experiment. 

Pneumatical Experiments by Condensation. 

A great variety of experiments may be performed by con¬ 
densation, to a few of which we shall advert. 

1. The sound of a bell, or any other noise, is much louder 
in condensed than in common air. 

2 . If a square phial be selected, which is found to bear the 
pressure of the common atmosphere, when exhausted of air; 
it may be broken by condensing the air round it. 

3. A fountain may be made by condensed as well as by 
rarefied air. For this purpose, procure a strong copper Vessel, 
as represented by fig. 11, having a tube that screws into its 
neck, so as to be air-tight, and long enough to reach nearly to 
the bottom. Having poured a quantity of water into the ves¬ 
sel, but not enough to fill it, and screwed in the tube, adapt 
it to a condensing syringe, and condense the air in the vessel; 
shot the stop-cock, and uqjpcrew the syringe, then, on opening 
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the sto|>-cock, the aii»acting upon the water in the vessel, will 
force it out into a je^ of considerable height. Variety may be 
given to the expenment, by screwing alternately upon the 
tube pieces which contain minute apertures differently dis¬ 
posed. 

4 . Fig. If), represents an instrument nearly like the con¬ 
densing syringe, but it has no hole in the upper part, nor any 
valve at the bottom. It has a solid piston, and the handle G 
is a globe. This instrument answers the purpose of a tinder- 
box; for, upon striking the handle G with palm of the hand, 
the air below the piston is condensed, and the act of condens¬ 
ing air always eliciting caloric, the quantity is in this instance 
sutiicient to light a piece of tinder fastened by a little hook to 
the bottom of the piston, and therefore by drawing out the 
piston, immediately after the stroke, a match may be lighted 
in the usual manner. The cylinder ought to be at least eight 
inches long, and its bore about three-quarters of an inch. The 
tinder is prepared from agaric, which is first boiled in water; 
beaten well when dry; steeped in a solution of salt-petre; and 
lastly, dried in an oven. If the solution of nitre be too strong, 
the agaric will not so easily inflame. 

• 

Of Pnel’matical Instruments for meteorological 

PURPOSES. 

The common Barometer. 

Ever since it was observed, that the height of a column of 
mercury, sustained in a tube by the pressure of the atmosphere, 
varied in height, at different times, and that these variations 
were accompanied or followed by changes in the weather, such 
an instrument has been applied to meteorological purposes, 
under the name of the barometer. 

Barometers have been constructed in a variety of ways, many 
of which are more expensive, but none of them superior, in 
real utility, to the common form, re|)re8ented by fig^. 1, pi. Hi¬ 
lt consists of a glass tube, about 34 inches in length, and one- 
- third of an inch in diameter. The upper end. A, of this tube 
is hermetically sealed.* It is filled with purified mercury, and 


• By tb* «xpr«Mion “ hera«tieatlj Mtled,” U mewit the olouu| of a lobe, &c. by 
tb* oonaoUdatioft of iU own anbatanoe. Tbo glaaa if beatod io wo firo, or with the 
aMiftaooo of a blowpipe at a lanp, tiU it u partiaUj fiwed. the end if then dwwn ooi 
and twifted round UU tbo nportnro it perfectly olofed. 'Hto twifting if eftenUti; a woe 
drawn ont in n ftrain^t luw will nlwayi be n tobe. 
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the open end, B, is inserted into a basin containing the same 
metal. The tube and basin are fixed to a frame of wood, and 
suspended in a vertical situation; and the tube, from B to F. 
is generally covered with wood, to prevent the breaking of it 
by accident; from F to A is mostly covered with plain glass, 
set in a frame, and opening like a door. • 

The mercury, in the barometer tube, will subside, till the 
column be equivalent to the weight of the external air upon 
the surface of the mercury in the basin, and it therefore be¬ 
comes a measure of that weight. In this kingdom, the ex¬ 
tremes of the fluctuation are almost invariably found between 
28 and 31 inches, so that the range may be considered as 
never exceeding three inches, and it seldom exceeds two 
inches and a half in any one year. 

The height of the mercury in the tube, above the surface of 
the mercury in the basin, is called the standard altitude; and 
the difference between the greatest and least altitudes, is called 
the scale of variation. 

The scale of variation attached to the upper part of a baro¬ 
meter, is shewn more at large by fig. 2, pi. III. The mea¬ 
surement of the inches is taken from the surface of the mer¬ 
cury in the basin; but as the mercury cannot rise in the tube 
without sinking in the basin, or vice versa, )t is obviously coc- 
rect for only one state of the atmosphere. For ordinary pur¬ 
poses, however, no allowance is made for this source of 
imperfection. The scale of variation is furnished with an 
instrument called a vernier or nonius, g/i, which is an addition 
of more value and greater ingenuity than might at first sight 
be supposed. If each inch of the scale of variation, LM, 6g. 
2, be divided into ten equal parts, marked with I, 2, 3. &c. 
increasing upwards, and a nonius, or small scale, g h, whose 
length is eleven-tenths of an inch, be divided into ten equal 
parts, marked with ), 2, 3, &.c. increasing downwards, and so 
placed as to slide along the scale of variation, the altitude of 
the mercury in the tube above the surface of that in the basin, 
may easily be found in inches and the hundredth parts of an 
inch: for if the surface of the mercury in the tube does not 
coincide with a division in the scale of variation, place the 
index^i^/, of the nonius even with the surface, and observing 
where a division of the nonius coincides with one in the scale, 
the figure in the nonius will shew what hundredth parts of an 
inch are to be added to the tenths immediately below the 
index* Let, for instance, the surface of the mercury be be¬ 
tween 7 tndi 8 tenths above 30 inches, and'the index of the 
nonius being placed even with it, a^d the figure upon Uie 
nonius being observed to coincide with a division upon the 
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scale, the altitude off the barometer will be 30 inches and 
-i^tjths of an inch; for each division of the nonius beinjj 
greater than that of the scale by j^gth of an inch, and there 
being five divisions, the whole must be -r6ijfhs of an inch 
above the number seven in the scale, and the height of the 
mercury is ’therefore 30.75. A meaner use than this is often 
made of a nonius, as it is commonly supposed to have no 
other purpose to serve, than the single one of setting its index 
to the height of the mercury, at any particular observation, as 
a memorandum of the height at that time. 

The tubes of which barometers are made should have a bore 
of not less than one-third of an inch in diameter, and they 
should be perfectly oktan within. To prevent their contract¬ 
ing any dirt before they are used, it is usual to seal hermeti¬ 
cally both their ends at the glass-house; when a tube is 
obtained in this state, one of its ends, on preparing it for a 
barometer, will be to cut oil', which is easily done by marking 
it across with a file, and then applying to the scratch the 
edge of a piece of iron just red-hot, by which any length 
desived will instantly be severed from the rest of the tube. 

Mercury in a slate of great purity, is very essential to 
a good barometer. It is generally purified by distillation ; 
but as this operation may not be convenient to some, we shall 
mention Dr. Priestley’s mode of purifying it, which is remark¬ 
able for its simplicity, and has an excellent effect: Let a 
strong 10 or 12 ounce phial, with a ground stopper, be a 
quarter filled witli the mercury to be purified; put in the 
stopper, hold the bottle inverted with both hands, and shake 
it violently, by striking the hand that supports it against the 
knee. After twenty or thirty strokes, take out the stopper, 
and blow into the phial with a pair of bellows, to change the 
air. If the mercury is not pure, the surface will become black 
*,in a short time, and if very foul, the black coat will appear 
coagulated. Invert the phial, stopping it with the finger, and 
let out the running mercury. Put the coagulated part into a 
cup by itself, and jiress it repeatedly with the finger, so as to 
get out the mercury entangled in it. Put both portions of 
mercury into the phial again, and repeat the process till no 
more black powder separates. 

After the mercury has been thus purified from its admixture 
with Baser metals, it should be boiled for about half an hour, 
to free it from tlie moisture which it is apt to contain. It 
may then, when nearly cool, be poured into the tube, (which 
must be perfectly dry, well cleaned, and rather warm,) till it 
reaches tn within two inches of the top; then, to free it from 
any air which may have become entangled in it while filling, 
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hold it, with the sealed end lowest, ih nn inclined position, 
over a chafing-dish of burning charcoal, j>laced near the edge 
of a table, in order that all parts of the tube may be exposed 
successively to the action of the fire, by moving it obliquely 
over the chafing-dish. The sealed end is to be first gradually 

P resented to the fire, and the other parts in slow succession. 

'he air, if any be contained in the tube along with the mer¬ 
cury, will by this means be expanded, and rising to the top 
of the tube, will escape. The tube must now be filled to the 
brim, the open end must then be stopped with the finger, 
which must be held upon it till that end is plunged into a 
basin of mercury. The finger must then be taken away, and 
the tube being held vertically, the mercury in it will remain 
suspended at the height of 29 or 30 inches, or wliatever 
balances the pressure of the atmosphere at the time. The 
space at the top of the tube may be considered a perfect 
vacuum at the first construction ol the barometer, but in the 
course of time, subtile vapours, that could not be extricated 
from the mercury, rise up into it, though in very small quan¬ 
tity; and even minute portions of the mercury itself are apt 
to become volatilized at common temperatures. 


2'/ie Diagonal Barometer. 


The utmost range of the mercury, in a common barometer, 
being only three inches, the attempted improvements of the 
instrument have generally had for their object, the enlarge¬ 
ment of this scale. 

The simplest mode of effecting this purpose, is perhaps 
exemplified in the diagonal barometer, which is represented 
at fig. 3, pi. III. The tube, KLM, is sealed at the end M ; it 
is perpendicular from K to L, but at L it is bent into the 
diagonal LM. The scale of variation begins at L, and the 
extent of it, by this arrangement, is increased in the propor¬ 
tion of the distance QM to that of QL. Had the tube been 
straight, Q would have been the limit of the scale of variation, 
‘but as it is bent, and it is the perpendicular height which 
regulates the variations of the mercury; to gain the perpen¬ 
dicular height of Q from L, in the diagonal tube, the mercury 
must traverse the space LM. 

Experience, however, has evinced, that though the tube of 
the diagonal barometer may be so much bent towards a right 
angle, as to treble or quadruple the extent of the scale of 
variation, yet the consequences are the deformity of the instru¬ 
ment, and the uncertainty of its indications. The freedom of 
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motion in the mercury is obstructed by the angle it has to 
• turn, and by the attraction of cohesion between the mercury 
and the glass, along tiie lower side of each of these substances 
in the diagonal part LM. This attraction increases with the 
obliquity; and when the angle QLM exceeds 45“, the instru¬ 
ment becomes useless by the separation of globules of mer¬ 
cury from the column. 

The Wheel Barometer. 

• 

Most of the various contrivances which have been adopted 
to increase the barometrical range, are deservedly becoming 
obsolete; but the wheel barometer still maintains its ground, 
perhaps for no other reason than that of its rather elegant 
appearance. The internal part of it is represented by fig. 4, 
}>l. Ill. The principal glass tube, AI3, has a globular head 
at A, and is bent upwards at the lower end B. Upon the 
surface of the mercury, m the recurved leg, there is placed a 
short* glass tube loaded with mercury; to this loaded tube is 
attached a hair or fine silki-ii thread, which passes over a small 
pulley, and has a weight at the other end of it, to balance the 
fomier. As the surface of the mercury in the globe A is very 
large, and that at B very small, the motion of mercury in the 
recurved leg, and consequently of the weight reposing in it, 
will be very considerable; and as the little bail rises and falls 
with the mercury, the thread turns the pulley, and con¬ 
sequently will turn an index upon its axis. The index and 
general figure of the instrument in front, is shewn by fig. 5. 
A is the index, on the axis of the pulley behind it. BC is 
the circle or face graduated so as to shew the height of the 
mercury in inches and tenths. The face is silvered or 
Miamelled like that of a clock, and a spirit level G is often 
added at the bottom, to ascertain when the column of mer¬ 
cury is vertical. A second index, H, which has no con¬ 
nection with the pulley, is used to place over the index A, 
to shew the deviation of A from the place it had at any par¬ 
ticular lime of observation. The axis of the index H comes 
through a hole in the glass covering the face BC, and is 
turned by a small milled head. In the upper part of the 
frame is a thermometer and hygrometer, which instruments 
will be noticed afterwards. 

By means of the wheel barometer, a very extensive scale of 
variation is obtained; but in this instrument, the friction of the 
several parts,, however accurately and delicately they may be 
made, are considerable dedurtinna from its value. 
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The Portable Barometir. 

The common portable barometer has a little bag, made of 
a piece of bladder, for the purpose of containing the mercury 
instead of a basin. No part of the mercury is exposed to the 
atmosphere; but the atmosphere presses upon the outside of 
tfie bag, and thus produces the same effect. To render the 
instrument perfectly portable in its frame, a screw, or some 
other contrivance to compress the bag, is used to force the 
mercury to the top of the tube, and it may then be moved 
with freedom. 

Portable barometers are chiefly required for measuring the 
heights of mountains, and they should always be constructed 
in Uie most accurate manner; the mercury in the cistern must 
be raised always to the same mark or distance from the scale, 
in order that tne divisions of the scale may indicate the real 
altitude of the surface of the mercury in the tube above that 
of the mercury in the cistern. They should also be furnished 
with a stand, capable of supporting them in a vertical position, 
on the side of a mountain, or any other situation. Jesse 
Ramsden, an eminent philosophical instrument-maker, con¬ 
trived a valuable barometer of this sort, and has described it 
himself in the Philosophical Transactions. The principal 
parts of it are a simple, straight tube, fixed into a woooen 
cistern A, (fig. 6, pi. Ill,) which, for the convenience ofcarry¬ 
ing, is shut with an ivory screw B, and that being removed, 
is open when in use. Fronting this aperture, is distinctly 
seen the coincidence of the gauge mark, with a line*on the 
rod of an ivory float, swimming on the surface of the quick¬ 
silver, which is raised or depressed by a brass screw, C, at 
the bottom of the cistern. From this, as a fixed point, the 
height of the column is readily measured on the scale D 
attached to the frame, always to ^gth of an inch, by means 
of the nonius E, moved with rack-work. A thermometer, F, 
is placed near the cistern, the ball of which is not enclosed 
witnin the wood-work, but left projecting. The three-legged 
stand, suppoirting the instrument when in use, serves as a casp, 
for it wheq inverted, and carried in the state shewn by fig. 7, 
from place to place. Tw’o of these barometers, made by the 
Inventor, after the mercury in them had been carefully boiled^ 
being suffered to remain long enough in the same situation, to 
acquire the same temperature, usually agreed in height, or 
Tarely differed from each other more than a few thousandth 
parts of an inch. 
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The Thermometer. 

The thermometer is a chemical rather than a pneuniatical 
instrument, but it claims notice in this place as a useful appen¬ 
dage to thdbbarometer. Ail substances expanding with an 
increase of their temperature, it is obvious that, under the 
same pressure of the atmosphere, the mercury in the barome¬ 
ter will be highest when the heat is greatest; a correction is 
therefore necessary for this source of error, before the exact 
effect of the pressure can be ascertained, and this is accom 
plished by means of the thermometer, or instrument for mea 
suring the degrees of heat, joined with a knowledge of the rate 
at which the mercury in the barometer expands. Mercury ex¬ 
pands nearly in the exact proportion of the degrees of heat; 
Its expansion for ev^ry degree of heat, from 32“ upwards, or 
the contraction for every degree of heat from 32“ downwards, 
is equal to 0.000102 of the wiiole bulk, which at 32“ is called 
one, or unity ; the rule, however, deducible from this observa¬ 
tion ss not directly applicable to the barometer, because the 
glass tube does not expand in the same proportion as the mer¬ 
cury, and because the Torricellian vacuum cannot at all tem¬ 
peratures be considered perfect. General Roy, therefore, un¬ 
dertook to determine the actual increase of the altitude of the 
mercury, arising from an increase of temperatureby experi¬ 
ments on the barometer itself. When the mercury stood at 
30 inches, he exposed a barometer to different degrees of heat, 
in an apparatus admitting the whole column to be rendered 
of the game uniform temperature; and measured the increase 
or decrease of altitude which was occasioned by the various 
degrees of heat. The result of his experiment^ is contained 
in the annexed table ; 


Tb»mometrioa! dagree 
of heat to which the hero* 

Altitude of the mer- 

Difierencet of the 

neter wee expoeed. 

corial column. 

expan&ioni. 

212 “ .. 

30.5117 . 


202 . 

... 30.4888 . 

. 0.0236 

192. 

... 30.4652 . 

. 0.0243 

182. 

... 30.4409 . 

. 0.0260 

172. 

... 30.4159 . 

. 0.0267 

162 ........ 

... 30.3902 . 

. 0.0264 

162. 

... 30.3638 . 


142. 

... 30.3367 . 


J32. 

... 30.3090 . 

. 0.0283 

122 . 

.. 30 2807 . 


112 . 

... 30.2518 . 


28.—VoL. 11. 
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Tberraometrirk! degree 
or beat to wbicli the baro* 

AlUtede of the mer- 

OtATereacee of the 

meter wm exjxmed. 

oarial oolnmn. 

expanaiona. 

102®.. 

30.2223 . 


92. 

... 30.1922 . 


82. 

... 30.1615. 

.0*)313 

72. 

... 30.1302 . 

.0.0318 

62. 

... 30.0984 . 

. 0.0323 

52 . 

... 30.0661 . 

. 0.0328 

42. 

... 30.0333 . 

. 0.0333 

32. 

... 30.0000 . 

. 0.0338 

22. 

... 29.9f>(>2. 

. 0.0343 

12. 

... 29.9319 . 

. 0.0348 

2 .. 

... 29.8971 . 

. 0.0070 


0. 29.8901 

In order to apply the correction for expansion, we must 
find, by means of this table, what the column of mercury would 
be, if the mercury of the barometer had been at 32*^, instead 
of its actual temperature- For this purpose, the actual (tem¬ 
perature of the mercury, which is ascertained by means of the 
thermometer, must be found out in the first column of the 
table, and opposite to it is the expansion for a column of 30 
inches, or its bulk at that temperature. Then say, as this bulk 
is to thirty inches, so is the observed altitude of the mercury 
in the barometer, to a fourth proportional, which is the cor¬ 
rected altitude; Thus if the observed altitude be 28 inches, 
and the temperature of the mercury be 72*^, in the table, 
30.1302 will be found opposite 72*^; therefore say, as 30.1302: 
30:; 28: to a fourth proportional, which is 27.879 inches; so 
that, had the temperature of the mercury in the barometer 
been 32®, the observed barometrical altitude would not have 
been 28, but 27.879 inches. When the degree of temperature 
is not mentioned in the table, the calculation may neverthe¬ 
less be made by taking a proportional part of the difference of 
the two expansions at the degrees of temperature between 
which tbe degree in question is contained, and adding such 
proportional part to the lower number. 

For the method of constructing the thermometer, and the 
various kinds of this instrument, see page 317 of the present 
volume. 
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The llyg^-onieter. 

The state of the atnoosphere, with respect to dryness or 
moisture, is measured by an instrument called an hygrormter, 
or ht/groscope. 

Various substances are susceptible of considerable alterations 
in weight or length, by attracting or parting with moisture; such 
substances are called hygroscopic, and some of those which have 
been found the most sensible and regular in their alterations 
have been selected for philosophical purposes. 

The twisted fibres of wild oats, a sca-weed, salted strings, 
pieces of deal cut across the grain, pieces of cat-gut, &c. have 
all been tried, and had their share of admirers as hygrometers, 
but these substances are not much to be depended on, their 
power of absorbing w ater being too liable to tits of increase and 
decrease, and sometimes so nearly ceasing as to be useless. 
The elfect of humidity is not always to increase the length of 
the hygroscopic body: for example, water, by introducing itself 
WitiiMi cords, makes the fibres twist and become situated ob¬ 
liquely, and therefore produces between those fibres such a 
separation, as causes the cord to thicken or swell, and, by a 
nwcessary consequence, to shorten. I’lie twisted threads of 
which cloths are fabricated, may be considered as small cords, 
which experience, in like manner, a contraction*by the absorp¬ 
tion of moisture ; and therefore cloths, especially when wet¬ 
ted for the first tune, contract in the two directions of their in¬ 
tersecting threads; paper, on the contrary, which is only an as¬ 
semblage of filaments, very thin, very short, and disposed irre¬ 
gularly in all directions, lengthens in all the dimensions of its 
surface, in proportion as the water, by insinuating itself between 
the intervals of those filaments, acts by placing them further 
asunder, proceeding from the middle towards the edges. 

De 1 -.uc and De Saussure have investigated the subject of 
hygrometers with great attention and ability, and each of 
these philosophers has selected, as the r*^sult of his inquiries, 
a different substance to form the instrument under notice. The 
principal piece in Saussure’s hygrometer is a hair, which is 
submitted to a peculiar preparation, the design of which is to 
divest it of a kind of oiliness natural to it, and to secure it, in 
a certain degree, from the action of humidity. This prepara¬ 
tion is made at the same time upon a certain number of nairs 
forming a tuft, the thickness of which need not e.xceed that of 
a writing-pen, and contained in a fine cloth serving them for a 
case. The hairs thus enveloped are immersed in a long-nccked 
uhial full of water, which holds in solution nearly a hundredth 
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part of its weight of sulphate of soda, making this water bosl 
nearly thirty minutes; the hairs are then passed through two 
vessels of pure water while they are boiling, afterwards they 
are drawn from their wrapper and separated; then they are 
suspended to dry in the air, after which there only remains to 
make choice of those which are the cleanest, softest, most 
brilliant, and roost transparent. It is known that humidity 
lengthens the hair, and that the process of drying shortens it. 
To render both these etfectsmore perceptible, ^aussure attach¬ 
ed one of the ends of the hair to a fixed point, and the other 
to the circumference of a moveable <?\'liader, that carries at 
one of its extremities a light index or hand. The hair is bound 
by a counterweight of about three grains, suspended by a de¬ 
licate thread of silk, which is rolled in a contrary way about 
the same cylinder. In proportion as the hair lengthens or 
shortens, it causes the cylinder to turn in one of the other di¬ 
rection, and by a necessary consequence, the little index turns 
likewise, tbe motions of which are measured on the circum¬ 
ference of a graduated circle, about which the index performs 
its revolution as in the wheel barometer. In this manner*very 
minute variations in the length of the hair become perceptible. 
To give to the scale such a basis as may establish a relation 
between all the hygrometers that are constructed upon the 
same principles, Saussure assumes two fixed terms, one of 
which is the extreme of humidity, and the other that of dry¬ 
ness ; he determined the first by placing the hygrometer under 
a glass receiver, the whole interior surface of which be had 
previously moistened with water; the air being saturated by 
this water, acts by its humidity upon the hair to lengthfen it. 
He repeated the moistening of the interior of the receiver, as 
often as it was necessary, and he knew that the term of extreme 
humidity was attained, when, by a longer continuance under 
the receiver, the hair ceased to extend itself. To obtain the 
contrary limit of extreme dryness, the same philosopher made 
use of a hot and well-dried receiver, under which he included 
the hygrometer, with a piece of iron plate, likewise heated and 
povered with a fixed alkali. This salt, by absorbing the hu¬ 
midity remaining in tbe air, causes the hair to contract itself, 
iltitil It has attained tbe ultimate limit of its contraction. The 
scale of the instrument is divided into a hundred degrees; the 
aero (0) indicating the limit of extreme dryness, the number 
JOO that of extreme humidity. 

The effects of moisture and of dryness upon the hair are 
sometimes increased and sometimes diminished by those of 
heal; so that, if it be supposed, for example, that the air is 
heated about the hygrometer, on one part, this air, whose dia- 
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solving power with Regard to the water will be augmented, 
will take away from^ the hair a portion of the water which it 
had imbibed, thus tending to shorten the hair; while, on the 
other part, the heat, by penetrating it, wdl tend, though much 
more feebly, to lengthen it, and hence the total effect will be 
found to co’nsist of two partial and contrary effects, the one 
hygrometric, the other pyrometric. In observations, therefore, 
which require the greatest precision, it is necessary to consult 
the thermometer at the same time with the hygrometer; and 
on this account, Saussure has constructed from observation, a 
table of correction, by which the action of humidity may be 
separated from that of heat. 

De Luc employs, for the construction of his hygrometers, 
arery thin shp of whalebone^cut across the grain ; one of his 
instruments is represented by fig. 8^ pi. Ill, and he thus de¬ 
scribes them’in his paper in the Philosophical Transactions, 
vol. 81: “ Th(‘ir frame will be sufficiently known from the 
figure; therefore I shall confine myself to the description of 
some particulars. The slip of whalebone is represented by a b, 
and’at its end a is seen a sort of pincers, raaae only of a flat¬ 
tened bent wire, tapering in the part that holds the slip, and 
pressed by a sliding ring. The end b is fixed to a moveable 
bar c, which is moved by a screw for adjusting at first the in¬ 
dex. The end a of the slip is hooked to a thin brass wire, to 
the other end of which is also hooked a very thin silver-gilt 
lamina, that has at that end pincers similar to those of the slip, 
and which is fixed by the other end to the axis, by a pin in a 
proper hole. The spring, d, by which the-slip is stretched, is 
maae of silver-gilt wire; it acts on the slip as a weight of about 
12 grains, and with this advantage over a weight (besides 
avoiding some other inconveniences) that, in proportion as the 
slip is weakened in its lengthening, by the penetration of mois¬ 
ture, the spring, by unbending at the same time, loses a part 
of its power. The'axis has very small pivots, the shoulders of 
which are prevented from coming against the frame, by the 
ends being confined, though freely, between the flat bearing^ 
of the heads of two screws, the front one of which is seen 
near /. The section of that axi.s, of the size that belongs to a 
slip of about eight inches, is represented by fig. 9; the slip acts 
on the diameter a a, and the spring on the smaller diameter 
b b.” These instruments are commonly made from two to 
three timers the size of the figure. 

When the sensibility of this hygrometer has become im¬ 
paired by long exposure, it may be in some measure restored, 
by placing the instrument in water, and gently cleaning the 
whalebone slip by meabs of a hair-peucil. 
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An hygrometer is usually added to the upper part of the 
wheel-barometer, as shewn at V, hg. 6, pi. Ill; and in the 
same instrument, a thermometer, W, generally occupies the 
middle part. 

Observations on the hygrometer have not been so long and 
so diligently registered wiui observations on other instruments 
regarding the weather, as appears desirable : too much reliance 
has been placed on the exclusive indications of the barometer 
and thermometer, and farmers and agriculturists, to whom just 
prognostications of the temporary changes in the weather are 
so important, scarcely know the use of other instruments. 
After 20 years' experience in the use of hygrometers, De Luc 
has formed some important deductions, from which we shall 
make an extract: “ From those determinations in hygrometry', 
some great points are already attained in hygrology, meteor¬ 
ology, and chemistry, of which I shall only indicate the most 
important: 

“ Ist. In the phenomisna of rfeic, the grass often begins to 
be wet, when the air a little above it is stdl in a middle state 
of moisture; and extreme moisture is only certain in that “air, 
when every solid exposed to it is wet. 

“ 2dly. The maximum of evaporation, in a close space, is far 
from ideutical with the viaiimum of moisture: this deficnding 
considerably, though with the constant existence of the other, 
on the temperature common to the space and to the water that 
evaporates. 

‘'3dly. The case of extreme moisture existing in the open, 
transparent air, in the day, even in the time of rain, is ex¬ 
tremely rare: I have observed it only once, the temperature 
being 39®. 

**4thly. The air is dri/er and dryer, as we ascend in the at¬ 
mosphere ; so that in the upper attainable regions, it is con¬ 
stantly very dry, except in tne clouds. This is a fact Certified 
by De Saussure’s observations and mine. 

“ 5thly. If the whole atmosphere passed from extreme dry 
ness to extreme moisture, the quantity of water thus evaporated 
■would not raise the barometer as much as half an inch. 

Gthly. In chemical operations on airs, the greatest Quantity 
of evaporated water that may be supposed in tliem, at the com¬ 
mon temperature of the atmosphere, even if they were at ex¬ 
treme moisture, is not so muen as li^ath part of their mass. 
These two last very important propositions have been demon¬ 
strated by De Saussure. 
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The Rain-Gauge. 

The quantity of i^ater returned by the atmosphere to the 
earth in the state of rain, is ascertained by an instrument 
called a pluviometer or rain-gauge. 

The rain-gauge is usually made in the form shewn at fig. 10, 
pi. HI. Its general form is that of a jar, or hollow cylinder, 
with a funnel on the top of it. It is made of copper, or tinned 
iron plates, japanned within and without. The upper part of 
the funnel has an edge of brass, which is cylindrical, with its 
sides perpendicular to the horizon. The rain falling within 
this cylindrical brass edging, passes from the sides of the fun¬ 
nel throu^i the aperture N, into the receiver ABCD, from 
which it cannot evaporate sensibly during the short intervals 
that usually elapse between different observations. Across 
the cylindrical edge of the funnel, is fixed a bar M, in the 
centre of which is a socket g, of nearly equal width to the 
aperture N at the bottom of the funnel, both being made to 
admit the measuring rod, R; but tlie aperture N is the wider 
of tike two, and fits the rod but loosely, to allow an adequate 
passage for the ram. To the bottom of the measuring rod, is 
attached a floating-piece Q, made hollow, of tinned plates ja- 
pitnned. When the floating-piece, Q, is placed on the bottom 
of the vessel A BCD, and the funnel over it, the top of the rod 
is exactly even with the top of the socket g, and therefore, on 
the apparatus being placed in an open situation, the rain re¬ 
ceived into the vessel will raise the float, and the rod is gra¬ 
duated so that the divisions shew, in inches and tenths of an 
inch, the depth of rain which has fallen on a space equal in 
area to the cylindrical ring which surmounts the funnel. It 
is therefore evident, than when the ring and the receiver have 
the same interior diameter, the rod must be divided exactly 
into inches and tenths; but in proportion as the receiver has 
a smaller diameter than the ring, the divisions of the rod must 
be greater than inches and tenths. When an observation 
has oeen taken, the contents of the receiver must be let oft, 
which is most conveniently done by a cock at the bottom. 

Rain-gauges are made of various sizes, but if the ring be 
,688 than eight inches in diameter, it may be considered loo 
small, and in general, twelve inches may be considered not un¬ 
necessarily large. 

A very simple rain-gauge may be easily constructed by pla¬ 
cing a funnel in a bottle. Supposing the area of the funnel to 
be exactly ten square inches, tne quantity of rain caught nmy 
be ascertained by multiplying the weight in ounces by .173, 
which gives the aepth in inches, and parts of an inch. 
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A rain-^uge should always be fixed where the rain has free 
access to it; no wall,or other shelter in the neighbourhood 
should be above it. Hence the tops of bliildings am the most 
suitable places. When observations taken with a rain-gauge 
at one place, are compared with those of another, the instru¬ 
ments stiould be at the same height above the ground; as, even 
at the same place, the quantities of rain caught at different 
elevations will be different 

The Anemometer^ or Wind-Gauge. 

In keeping a journal of the weather, the two particulars to 
be noted respecting the wind, are, its direction, and its velo¬ 
city or strength. These particulars are commonly obtained by 
the use of separate instruments, of which those \or the former 
purpose, or the direction of the wind, are too familiar to ail 
under the name of wind-vanes, weather-cocks, &c. to require 
any further notice in this place; but to ascertain the velocity 
or strength of the wind, a considerable diversity of contri¬ 
vances has appeared, many of which display no inconsiderable 
share of ingenuity, it has been proposed to suspend a rod, 
in the manner of a pendulum, with a flat board instead of a 
ball at its lower extremity. It is obvious, that when the wind 
impinges upon such a board, it will, according to its strength, 
force It more or less out of a vertical position, and therefore 
the quantity of the angle of deviation will be the measure of 
that strength. Another contrivance resembles a small wind¬ 
mill, by the number of the revolutions of which, in a given 
time, th,. result desired may be obtained. Instruments have 
even been described, which express upon paper, not only the 
sveeral winds that have blown during the space of twenty-four 
hours, but at what hour they began and ended, with the 
strength and velocity of each. These contrivances have, 
however, some defects or inconveniences, which render them 
inferior to the anemometer invented by Dr. James Lind, 
of Windsor, and of which we subjoin the inventor’s de¬ 
scription from the 65th volume of the Philosophical Trans¬ 
actions. 

''This simple instrument (represented by fig. 11, pi. Ill) 
consists of two glass tubes, AB, CD, of five or six inches in 
length.* Their bores, which are so much the better always 
for being equal, are each about i^ths of an inch in diameter. 
They an connected together like a syphon, by a small bent 


" TWj t* bo lonpr, w in MronI onset the nbor«>ncfitioii«d length bu 
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tube a b, the bore which i» -^th of an inch in diamett r. 
On the upper end of the It g AB, there is a tube of lattcn brass, 
which is kneed or bent perpendicularly outwards, and has its 
mouth open towards F. On the other leg CD is a cover, with 
a round hole G in the upper part of it, of an inch in 

diameter. This cover, and the kneed tube, are connected to¬ 
gether by a slip of brass c <1, which not only give.> strength to 
the whole instrument, but also serves to hold the scale HI. 
The kneed tube and cover are fixed on with hard cement, or 
sealing-wax. To the same tube is soldered a piece of brass e, 
with a round hole in it, to receive the steel spindle KL, and at 
J there is just such another rnece of brass soldered to the brass 
hoop g h, which surrounds Doth le^s of the instrument. There 
is a small shoulder on the spindle at /', ujion which the instru¬ 
ment rests, and a small nut at t, to prevent it from being blown 
oH’the spindle by the wind. The whole instrument is easily 
turned round upon the spindle by the wind, so as always to 
present the mouth of the kneed tube towards it. The lower 
end of the spindle has a screw on it, by which it may be screwed 
into,the top of a post, or a stand maae on purpose. It also has 
a hole at L, to admit a small lever for screwing it into wood 
with more rt adine.ss and facility. A thin plate of brass, k, is 
syldered to tlie kneed tube about half an inch above the round 
hole Cl, so as to prevent rain from falling into it. There is 
likewise a crooked tube AB, fig. 12, to be put occasionally 
upon the mouth of the kneed tube F, in order to prevent rain 
from being blown into the mouth of the wind-gauge, when it 
is left out all night, or exposed in tlie time of rain. The force 
or momentum ol the wind may be ascertained by the assist¬ 
ance of this instrument, by filling the tubes half lull of water, 
and pushing the scale a little up or down till the 0 of the 
scale, when the instrument is held up perpendicularly, be on a 
line with the surface of the water, in both legs of the w ind- 
gauge. The instrument being thus adjusted, hold it up per¬ 
pendicularly, and turning the mouth of tlie kneed tube tow'ards 
the wind, observe how much the water is depressed by it in 
one leg, and how much it is raised in the other. The sum ol 
the two is the height of a column of water which the wind is 
capable of sustaining at that time ; and every body that is op¬ 
posed to that wind, will be pressed upon by a force equal to 
the weight of a column of water, having its base equal to the 
surface that is exposed, and its height equal to the altitmle 
of the column of water sustained by the wind in the wind- 
gauge. Hence the force of the wind upon any body where 
the surface opposed to it is known, may be easily found, and 
a ready comparison may be made betwixt the strength of one 
28.—VoL. II. * F 
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gale of wind and that of another, by knowing the heights of 
the columns of water, which the ditferetit winds were capable 
of sustaining. The heights of the columns in each leg will be 
equal, provided the legs are of equal borea; otherwise the 
heights must be calculated accordingly, 

“ The force of the wind may likewise be measured with 
this instrument, by filling it until the water runs out at the 
hole Q. For if we then hold it up to the wind as before, a 
quantity of water will be blown out; and, if both legs of the 
instrument are of the same bore, the height of the column 
sustained will be equal to double the column of water in eitiier 
leg, or the sum of what is wanting in both legs. But if the 
legs be of unequal bores, then tlic heights must be calculated 
accoi ngly. 

" vyn land, this instrument may be left out exposed all 
night, &c. but at sea it must always be held up by the hand 
in a perpendicular position, whetlnr it be used when eidy 
half full of water, or when quite full; which last will he fir- 
queiitly found to be the only practicable method during the 
night. 

" The use of the small tube of communication, a b, is tc 
check the undulation of the water, so that the height of it may 
be read off from the scale witli ease and certainty. Ilul it 's 
particularly designed to prevent the water from being thrown 
up to a much greater or less altitude than that which the wind 
can sustain. 

** The height of the column of water su.stained in the wind- 
gauge being given, the force of the wind, upon a foot square, 
is easily had by the following table, and consei^ttcnlly on any 
known surface. 


eight Hi inches of the 
wster in the gsnge. 

of the nind on 
one s^nsre foot. 

Common (ksigmitioBB 
of sach winds. 

12. 

. ..62.f»00 

* 

11. 

JO. 

9. 

8. 

7. 

6. 

5 

.57.293 

.52.083 1 

.46.875 5 

.41.667 

.36.548 

..26.041 

Most violent huri/lcane 

Very great hurricane. 
Great hurricane. 
Hurricane.* 

Very great storm. 

Great storm. 

4. 

.20.833 

3. 

2. 

.10.416 

Storm. 

Very high wind 

Hi^h wind. 

Brisk gale. 

1. 

. 6.208 

0.6. 
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ifnight in inches of (lie * Force of tiic wind Common designatioDS 

water in the gauge. on one square foot. of such winds. 

O.l. 0..')*21 Fresh breeze. 

O.Oo . 0.2^)0 Pleasant wind. 

0.(125. O.OJiO A gentfe wind. 


When the height of the water i.s not exactly mentioned in 
the table, then that height may be separated into such parts as 
are mentioned in the table, and the sum of the forces answer¬ 
ing to such parts will be the force of the wind correspondent 
to the height in question ; thus if tlie height of the water be 
4.6 inches, then this height is equal to 4-fO..3+0.1, which 
parts are all in the table ; therefore 

lbs. 

4 inches.20.8.30 

0..3. 2.004 

U.l . 0.521 


23.058 


The sum, 23.0.38, expresses the force of the wind, when 
the lieight of the water in the guage is 4.6 inches. Any al¬ 
teration that can usually take place in the temperature of the 
water, makes no sensible ditl’crence in this instrument. 

In frosty weather this gauge cannot be used with common 
water. At that time some other liquor must be employed, 
which is not so subject to freeze, and, upon the whole, a satu¬ 
rated solution of common salt in water is tlie most eligible ; 
but in that case, (since the specdic gravity of a saturated so¬ 
lution of salt is to tiiatof pure water as 1.244 to 1,) the forces 
which are stated in the preceding table must be multiplied by 
1.244. Thus, if in the preceding example, the saturated solu¬ 
tion had been used instead of water only, the force of the wand 
on a square foot would have been 29 pounds and a decimal; 
for 23.938 X 1.244=29.803752. 


Of Winds. 

Air, when in progressive motion, is called wind, in which 
state it becomes one of the most [lowerful agents in nature, 
its force increasing nearly as the square of its velocity, and 
its velocity often being prodigious. 

The natural tendency of the atmosphere, as of all other 
bodies, is to remain in a state of rest; and if this tendency 
were not checked by unceasing causes, this fluid w'ould every- 
w'here be stagnant, and at the same elevation, would have the 
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same density. The density of air is diaiinished by an increase 
of temperature j that is, the more it is heated, the more space 
It takes up, aii|i con8e(|uently the less is its pressure, bulk for 
bulk, on the sunpunding air. This being the case, and tlie 
contrary, when its density is increased by cold, being equally 
true, it follows, that when any particular tract of air is heated 
or cooled more than the rest, the heavy parts will press it up¬ 
wards, and occupy its place ; and the atmosphere will not be 
at rest, until the equilibrium of its parts, in neat and density, 
takes place. 

Dr. Franklin was the first who observed, that w inds originate 
at the precise point towards which they blow. Thus, in going 
out of a large town, in winter, a wind is met in every point of 
the compass, because the air in the town being rarefied by so 
many fires, and the breathing of the people, is forced to as- 
cena, by the pressure of the colder and denser air ol the coun¬ 
try on ail sides of it. Partial changes of temperature are there¬ 
fore the chief general causes of all winds, and it is the business 
of man, with respect to ibis subject, to discover where and in 
what degree they occur, in order to account for the individual 
phenomena. The attraction of the sun and moon is on good 
grounds supposed to occasion winds, and D’Alembert calcu¬ 
lates, from the llieory of gravitation, that the influence of thece 
bodies in their daily motions, is sufficient to produce a conti¬ 
nual east wind about the equator. When, therefore, attraction 
coincides with the heat, to produce an aerial tide, the com¬ 
bined effect may be very considerable; but the observations 
hitherto made, afford but scanty means of determining how 
much, in any case, may be attributed to attraction. It is to be 
remarked, however, agreeab'y to the observations of Bacon, 
Gassendi, Dampier, Halley, and others, that the periods of tlie 
year most likely to have high winds, are the two equinoxes ^ 
tliat storms are more frequent at the time of new and full moon, 
especially those new and full moons that happen about the 
equinoxes; that, at periods otherwise calm, a small breeze 
lAes place at the time of high-water; and that a small move¬ 
ment of the atmosphere is generally perceived a short time 
after the noon and the midnight of eacli day. Whatever may 
be the influence of the sun and moon, in occasioning winds 
by their attraction, that of the moon will be the greatest, for 
the same reason, and in the same proportion,, that her influ- 
«'nce is the greatest, in producing the tides of the ocean.—See 
page 691, vol. 1. 

The winds are usually divided into three classes^ viz. the 
general, the periodical, and the variable winds. . 

The most general of all winds, prevails within the limits of 
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30 degrees on each side of the equator, in the Atlantic and 
Pacific oceans, where the wind h almost always easterly; in¬ 
clining a little towards the north-west when the sun is near 
the tropic of Cancer, and towards the south-west when the 
sun is near the tropic of Capricorn. This remarkable wind is 
called the trhde-'wind, and as it evidently follows the course of 
the sun, it appears undeniable that the sun is the cause of it. 
This wind, about the equator, or middle part of its track, 
always blows either exactly or very nearly from the east; but, 
even when the sun is at or near the equator, towards its north¬ 
ern boundary, it deviates more and more from the east towards 
the north ; and towards its southern boundary it deviates more 
and more from the east towards the south. The manner in w hich 
the sun causes the trade-winds, seems to be generally agreed 
upon. By the great heat of the sun in the equatorial regions 
communicated first to the earth, and from the earth to the at¬ 
mosphere, the air in those parts is greatly rarefied, and conse¬ 
quently is unable to sustain the pressure of the colder, denser 
air at both the poles. From the poles, therefore, the air rushes 
down to displace the rarefied air of the equator, and as the heat 
between the tropics is great at all times of the year, the con¬ 
stancy of the cause produces a correspondent constancy of 
efiects. It might be expected from this explanation, that the 
trade-wind would be directly north on the north side of the 
equator, and directly south on the south side of it; but it must 
be recollected, that while the air is thus rushing from the poles, 
the earth is whirling round from west to east; at the equator, 
any given point is by this means carried 15 geographical miles 
in a minute, but this motion gradually diminishes towards the 
poles, where it is nothing. Now as the atmosphere partakes 
of the motion which belongs to that portion of the earth upon 
which it has been long enough incumbent, it is obvious that 
the air proceeds from parts wliere its diurnal velocity is small, 
to parts where this motion must be very considerable, before 
it can accompany the earth ; and as an increased diurnal velo¬ 
city cannot be received in an instant, the winds from the north 
and the south pass obliquely over the earth, and meeting each 
other obliquely at the equator, combine, with the motion of the 
sun from east to west, to produce there a wind directly 
east. 

Of the periodical winds, the most remarkable are those 
called the wuniroows, which blow for six months in one direction, 
and for six months in an opposite one. They are confined to 
the tropics, and are deviations from the regularity of the trade- 
winds, of half>a year’s duration, because, tor half the year, the 
monsoons mostly coincide with the general trade-wind. Their 
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origin appears to be owing to the circumstances of the differ- 
ent degrees of heat communicated to the air by water, and 
particular tracts of land. Low and level countries, other 
circumstances being the same, are of all parts of the earth 
most intensely heated by the sun; high countries and lofty 
mountains are of all parts of the earth the least heated by the 
same cause; while the ocean is heated in a middle degree, 
and from the uniformity of its level, and composition, the 
same degree of exposure to the sun's rays tends to produce 
on every part of it the same effect. It requires no particular 
explanation, that any given portion of^he earth’s surface can 
only heat the atmosphere in proportion*to the degree in which 
it is heated itself; but this being admitted, it is evident that 
the sun, in his annual motion, becoming or ceasing to be ver¬ 
tical to vast tracts of ocean, deserts, or mountains, must ne 
cessarily produce various changes deviating from the ordinary 
course of the trade-winds. When the sun approaches the 
tropic of Cancer, Persia, Bengal, China, and the adjoining 
countries, become so much more heated than the sea to the 
southward of those countries, that the current of the general 
trade-wind is interrupted, and a wind is observed to blow, at 
that season, from the south to the north, contrary to what 
would be experienced if the whole had been ocean. But us 
tbe high mountains of Africa, during the whole of the year, 
are extremely cold, the low countries of India, to the east¬ 
ward of it, become hotter than Africa in summer, and the air 
is naturally drawn thence to the eastward. From the same 
cause it follows, that in the Indian ocean, the trade-wind is 
converted into a monsoon, that blows in a north-east direc¬ 
tion, contrary to that of the general trade-wind, in open seas 
of the same latitude; but when the sun retires towards the 
tropic of Capricorn, these northern parts become cooler, and 
the general trade-wind assumes its natural direction. To the 
southward of the equator, no monsoon takes place except 
in that part of the ocean adjoining to New Holland, where 
the same causes concur to produce a monsoon as in the north¬ 
ern tropic. From October till April, the monsoon sett in from 
the north-west to tbe south-east, opposite to the general 
course of the trade-wind on the other side of the line ; and 
here also the general trade-wind resumes its usual course 
during the other months, which constitute the winter season 
in these regions. 

A great variety of facts respecting winds, have been ascer¬ 
tained by different persons; some of the most remarkable of 
^lanHiie auhjotoed, and the statement will shew that no theory 
has haeti ibmiad which accounts for the immediate cause of 
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ull fyartial winds in a* satisfactory manner. In the Atlantic 
* ocean, at the distance of about 300 miles from the African 
coast, between the north latitudes of 10 and 28 degrees, sea¬ 
men constantly meet with a fresh gale of north-east wind. 

Across the Atlantic ocean, on the American side of the Ca- 
ribbee islands, it has been observed, that the above-mentioned 
north-east wind becomes easterly, or seldom blows more than 
a point from the east on either side of it. 

These trade-winds, on the American side, are often extended 
as far as the thirty-second degree of north latitude, which is 
about 4 degrees fartl^ than their extension on the African 
side. Also, on the solflh side of the equator, the trade-winds 
extend 3 or 4 degrees farther towards the coast of Brazil on 
the American side, than they do near the Cape of Good Hope, 
or African side. 

Between the latitudes of 4 degrees north and 4 degrees 
south, the wind always blows between the south and east. 
On the African side, tlie w inds are nearest to the south ; and 
on the American side, nearest to tlie east. In these seas. Dr. 
Halley observed, that when the wind was eastward, the wea¬ 
ther was gloomy, dark, and rainy, with hard gales of wind ; 
but when the wind turned to the southward, the weather gene¬ 
rally became serene, with gentle breezes approaching to a 
calm. These winds are somewhat changed by the seasons of 
the year: for w hen the sun is far northward, the Brazil south¬ 
east wind gets to the south, and the north-east wind to the 
east: and when the sun is far south, the south-east wind gets 
to the east, and the north-east w ind on this side of tlie equa¬ 
tor goes more towards the noith. 

Along the coast of Guinea, from Sierra Leone to the 
island of St. Thomas (under the equator) which is above 
1500 miles, the southerly and south-west winds blow per¬ 
petually. It is supposed that the south-east trade-wind, 
naving passed the equator, and approaching the Guinea 
coast within 240 or 300 miles, inclines towards the shore, 
from the rarefaction of the air over the land there, and be¬ 
comes south, then south-east, and gradually, as it comes near 
the land, it inclines to the south, south south-west, and close 
to the land it is south-west, and sometimes west south-west. 
—^This tract is subject to frequent calms, and to sudden gusts 
of winds called tornadoes, which blow from all points of the 
horizon. 

Between the latitudes of 4 and 10 degrees north, and be¬ 
tween the longitudes of Cape Verd, and the easternmost of 
the Cape Verd Isles, there is a tract of sea, where calms are 
almost perpetual, attended witli terrible thunder and lightnings, 
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and such frequent rains, that this part ‘of the sea is called the 
Rains. It is said that ships have sometimes been detained 
u hole months in sailii^ through this tract of six degrees. The 
cause of this seems to be, that the westerly winds setting in on 
this coast, and meeting the general easterly wind, the two 
winds balance each other, and cause the calms; and the vapour 
carried thither by the hottest wind, meeting the coolest, is 
condensed, and occasions the frequent rains. 

Between the southern latitudes of 10 and 30 degrees, in the 
Indian ocean, the general trade-wind about the south-east by 
south, is found to blow all the year lonj^ in the same manner 
as in the like latitude in the Ethiopic4Scean, and during the 
six months, from December to May, these winds reach to 
within two degrees of the equator; but during the other six 
months, from June to November, a north-west blows in the 
tract, lying between the latitudes of 3 and 10 degrees south, 
in the meridian of the north end of Madagascar, and between 
the latitudes of 2 and 12 degrees south, near the longitude of 
Sumatra and Java. 

. Between the island of Madagascar and the coast of Africa, 
and thence northward as fur as the equator, there is a tract 
in which, from April to October, there is a constant fresh 
south south-west wind, which to the northward changes iqto 
the west south-west wind, blowing at the same time in the 
Arabian sea. 

To the eastward of Sumatra and Malacca, on the north side 
of the equator, and along the coasts of Oambodia and China, 
quite through the Philippines as far as Japan, the monsoons 
blow northerly and southerly; the northern setting in about 
October or November, and the southern about May. These 
winds are not quite so certain as those in the Arabian sea. 

Between Sumatra and Java to the west, and New Guinea 
to the east, the same northerly and southerly winds are ob¬ 
served ; but the brst half-year monsoon inclines to the north¬ 
west, and the latter to the south-east.^—These winds begin a 
month or six weeks after those in the Chinese seas set in, and 
are quite as variable. 

The monsoons, and other winds of nearly the same cbarac* 
ter, do not shift from one point to its opposite all at once. In 
some places the time of change is attended with calms, in 
others with variable winds of no great strength; and in 
others, as frequently occurs on the coast of Coromandel and 
China, with violent tempests. 

On the greater part of the coasts of lands situated between 
the tropics, the wind blows from the sea towards the shore in 
the day-tine, and from the shore towards the sea in the night 
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These periodical wind*, which are slight and partial interrup¬ 
tions of the trad«-wiiuis, are termed the land and sea breezes. 
The cause of them is, the did’erence in temperature between 
the air over the land and tliat over the water: the ocean 
acquires and parts witli its heat slowly; the short space of a 
nignt ora day makes but little (iiirerence with it; with the land, 
on the contrary, the difl’erence in temperature is very con¬ 
siderable between the day and night, consequently, during 
the day, the air over the land becomes much hotter tnan that 
over the sea, a br< eze of course sets in from the sea; and dur¬ 
ing the night, when the land air is coolest, the breeze will be 
from the land to the s^h, to displace the more rarefied air over 
the latter. 

The vaiiable winds, which principally appertain to the coun¬ 
tries between the tropics and the poles,are referable to the same 
general origin as otlier w inds, but they are modified by so many 
circumstances, that they cannot be foretold, like the trade- 
winds, and monsoons, tlie laws they observe liuving not yet 
been discovered. It is evident, however, to common observa¬ 
tion, that some winds in every place aie more prevalent than 
others. At Liverpool, the winds are wx'sterly for nearly two- 
thirds of the year, not successively, but on the average of the 
tw 4 ?lve months; yet strong w esterly winds have not unfrequently 
prevailed so uninterruptedly for six or eight weeks, that vessels 
in port have been wind-bound for the whole of that time. The 
prevailing winds at London, as ascertained by the registers ot 
the Royal Society, stand as follows: 


Winds. 

Da^ “i. 

Winds. 

D.ivv 

South-west.... 

1 

» • • • 1 L W 

South-east .. 

• • • « 4 4 W 

North-eaf»t. 

.. .. oS 

F^ast. 

.... 2t) 

North-West.... , 

.... .oO 

South . 

.... 1 (S 

West . 

> « • • kJk) 

Nor til . 

.... IG 


Tlie same register shews that the south-west wind blows more 
upon an average in each montii of the year than any other, par¬ 
ticularly in July and August; that the north-east prevails during 
January, March, April, May, and June, and is most unfrequent 
in February, July, Sejitcmber, and December; the north-we^t 
occurring more frequently from November to March, and 
seldonier in September and October, than in any other 
months. 

In the fifth volume of the Statistical Account of Scotland, 
is inserted the following table, by Dr. Meek, near Glasgow; 
it was deduced from seven years’ close observation. 

Winds. D»is. Winds. P«>». 

South-wclst . 174 North-east . Id4 

North-west ...... 40 South-east . 47 

20.—VoL. II. 
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The temperatare of a country is ir^creased or diminished by 
winds, according as tiiey come from a hotter or colder part of 
the world. " The winds,observes General Roy, “ seem to 
be dryer, denser, and colder, in proportion to the extent of 
land they pass over from the poles towards the equator; but 
they appear to be more moist, warm, and light, in proportion 
to the extent of ocean they pass over from the equator towards 
the poles. Hence the humidity, warmth, and lightness of the 
Atlantic winds to the inhabitants of Europe. On the east 
coasts of North America, the severity <xf the north-west wind 
is universally remarked; and there can scarcely be a doubt, 
that the inhabitants of California, and other parts on the west 
side of that great continent, will, like those on the west of 
Europe, feel the strong ofl'ects of a north-east wind.” 

Some of the variable winds which prevail in warm coun¬ 
tries, are distinguished by particular names, and possess very 
extraordinary qualities. The harmattan is a wind which blow s 
from the interior of Africa towards the Atlantic ocean. It 
prevails in the months of December, January, and February ; 
Its duration is sometimes only a day or two, sometimes live 
or six days, and sometimes, though rarely, it extends to fifteen 
or sixteen days. It is always accompanied with a fog or haze, 
that disrobes the sun of his splendour, and the particles, i>t 
which are deposited on the leaves of trees and other objf.ct>, 
giving even the skins of the negroes a whitish appearance. 
Such is the extreme dryness of this wind, that it withers tho 
whole vegetable creation, and the grass becomes like bay. 
The natives take the opportunity it oilers them of clearing the 
land, by setting fire to trees and plants, while they are 
exhausted by this wind. Furniture suifers severely, the best 
seasoned wood slirinking. and flying to pieces at the junctures 
held by glue or any other cement. The human body is also 
affected, so that if the faannattan continues four or five days, 
the scarf-skin peels off, and though the air is cool, it excites 
a troublesome sensation of pricking heat. Notwithstandiug 
these effects, the wind is salubrious, stopping infection, and 
renoving the virulence of distemper, with an efficacy not l^s 
remarkable than its other qualities. 

The aroceo is a south wind, which generally blows in Italy 
and Dalmatia every year about Easter. It is supposed to 
blow from the burning deserts of Africa; and in some respects 
it reaembles the harmattan, but differs from it in the important 
particular of being extremely unfavourably as well to animals 
as to Tegi^tion. Its medium beat is 112 degrees. During 
its continuance, the inhabitants of the countries where it pre- 
vails> never venture oat of doors unless compelled by extreme 
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necessity, but closin^erery aperture that might admit the air 
into their houses, they keep continually sprinkling their 
apartments with water. In Sicily this wind seldom continues 
lunger than thirty-six or forty hours; in Italy it sometimes 
continues twenty days, but is not so severe. It is commonly 
succeeded by the tramontane, or north wind, which in a short 
time restores the vigour of languishing nature. It has not 
been ascertained whether the efl'ects of the sirocco may be 
entirely, as seems most probable, attributed to its beat, or to 
some mephitic mixture. 

The samiel, or mortifying wind of the deserts near Bagdad, 
cannot, it is said, be breathed without destruction. Tiie 
camels are reported to be instinctively aware of its approach, 
and to thrust their heads into the sand till it is blown over, 
which i.s commonly in a few minutes. The travellers throw 
themselves flat upon the ground, to avoid it; but if any 
one breathe it, his whole body becomes immediately mor¬ 
tified. 

The wind which Bruce has called the simoom, appears to be 
of much the same nature as the samiel of other travellers, and 
he has described its efFects, along with other remarkable 
phfMiumena of the winds in the desert, in the following strik¬ 
ing manner ; “ We were here (in the deserts of Africa) at once 
surprised and terrified by a siglit surely the most magnificent 
in the woild. In that vastexpan.se of desert, from west and 
to the north-west of us, we saw a number of prodigious pillars 
of sand at dill’erent distances, at times moving vvitli great 
celerity, and at others stalking on with a majestic slowness; 
at intervals we thought they were coming in a very few minutes 
to overwhelm us, and small quantities of sand did actually 
more than once reach us. Again they would retreat so as to 
be almost out of sight, tluir tops reaching to the very clouds. 
There the tops often separated from the bodies; and these, 
once di.sjointed, di.spersed in the air, and did not appear more. 
Sometimes they were broken near the middle, as if struck 
with a large cannon shot. About noon, they began to advance 
with considerable swiftness upon us, the wind being very 
strong at north. Eleven of them ranged alongside of us 
about the distance of three miles. The greatest diameter of 
the largest appeared to me at that distance, as if it would mea¬ 
sure ten feet. They retired from us with a wind at south-east; 
leaving an impression upon my mind to which I can give no 
name, though surely one ingredient in it was fear, with a con¬ 
siderable deal of wonder and astonishment. It was in vain to 
think of flying; the swiftest horse, or fastest sailing ship, could 
be of no use to carry us out of this danger; and the full per 
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suasion of this reTited me as if to the i^ot where 1 stood, and 
let the camels gain on me so much in my state of lameness, 
that it was with some difficulty I could overtake them.” in 
the course of a few days. “ the same appearance of moving 
pillars of sand again presented themselves, only they seemed 
to be more in number and less in size. They tame several 
times in a direction close upon us; that is, 1 believe, within 
less than two miles. They began immediately after sun-rise, 
like a thick wood, and almost darkened the sun; his rays 
shining through them for near an hour, gave them an appear¬ 
ance of pillars of fire. Our people now became desperate : 
the Greeks shrieked out, and said it was the day of judgment. 
Ismael pronounced it to be hell, and the Tucorories, that the 
world was on fire. I asked Idris if ever he had before seen 
such a sight? He said he had often seen them as terrible, 
though never worse; but what lie feared most was the extreme 
redness of the air, which was a sure presage of the coming of 
the simoom. I begged and entreated Idns that he would 
not say one word of that in the hearing of the people, for they 
had already felt it at Iinhansara, in tlu ir wav from Has el Feel 
toTeawa, and again at the Acaba of (ierri, before we came to 
Chendi, and they were already nearly distracted at the appre¬ 
hension of finding it here. 

“ At half past four o’clock in the afternoon, we left Waatii 
Del Aned, our course a little more l<j the westward than the 
direction of Syene. The sands which had disappeared yes¬ 
terday, scarcely shewed themselves at all this day, and at a 
great distance from the horizon. This was, however, a com¬ 
fort but of short duration. I observed Idris took no part in 
it, but only warned me and the servants, that, upon the com¬ 
ing of the simoom, we should fall upon our faces, with our 
•mouths upon the earth, so as not to partake of the outward 
air as long as we could hold our breath. We alighted, at six 
o’clock, at a small rock in the sandy ground, without trees or 
herbage, so that our camels fasted all that night. This place 
is called Ras el Sbeah, or, by the Bishareen, El Mout, which 
signifies death, a name of bad omen. On the sixteenth, at 
half past ten in the forenoon, we left El Mout, standing, in 
the direction close upon Syene, Our men,- if not gay, were, 
however, in better spirits than I had seen them since we left 
Gooz. One of our mrbarians had even attempted a song; 
but Hagi Ismael very gravely reproved him, by telling him, 
that singing in such a situation was a .tempting of Pro¬ 
vidence. There is indeed nothing more different than active 
and passive courage. Hagi Ismael would fight, but he had 
not strength of mind to suffer. At eleven o’clock, while we 
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contemplated with gre%t pleasure the rugged top ofChiggre.to 
which we were fast approaching, and where we were to solace 
ourselves with plenty of good water, Idris cried out, with a 
loud voice, ‘ fall upon your faces, for here is the simoom.’ 
I saw from the south-east a haze come, in colour like the 
purple part’of the rainbow, but not so compressed or thick. 
It did not occupy twenty yards in breadth, and was about 
twelve feet high from the ground. It was a kind of blush 
upon the air, and it moved very rapidly; fur I scarce could 
turn, to fall upon the ground with my head to the northward, 
when I felt the heat of its current plainly upon my face. We 
all lay flat on the ground, as if dead, till Idns told us it was 
blown over. The meteor, or purple haze which 1 saw, was 
indeed passed, but the light air which still blew, was of heat 
to threaten siiflTocation. For my part, 1 found distinc tly m 
my breast that 1 had imbibed a part of it; nor wa.s I free of 
an asthmatic sensation till I had bi en some months in Italy, 
at the baths of Foretta, near two years afterwards.” 

Whirlu'ifids are generally supposed to consist in the con¬ 
vergence of winds from all parts to one point, on account of 
an extraordinary rarefaction of the air at that point. The 
currents accpiire by their conflict at the place of meeting, 
artd the velocity with which the rarefied air rushes upwards, 
a centrifinjal force, winch causes them to recede from the 
axis of rotation. When the centrifugal force thus acf|uired 
becomes equal to the pressure of tlie atmosphere, a space 
approaching almost to a vacuum, surrounds the axis or 
centre of motion, and as the whirl, by the action of the 
most prevailing wind, receives a progressive motion, it is 
obvious that the ])ressure of the atmosphere will be removed 
from every object passed over by the base of the vacuum, 
consequently destruction may be expected to mark its 
course. Partly by the removal of the atmospheric pressure, 
and partly by the whirling of the air surrounding the 
vacuum, loose bodies, a haystack, for example, will be 
raised with irresistible impetuosity, and dissipated at a great 
height. 

When a whirlwind happens at sea, or over the surface of 
water, it forms the phenomenon called a irater-spout. The 
water, for the .same reason that it rises in a syringe, of-a pump, 
or forms a fountain in an exhausted receiver, rises in the va¬ 
cuum of the whirl, to the height of thirty or thirty-three feet, 
forming a pillar-of water in the air, widest at the top; and 
the conversion of some of the upper part of this pillar into 
vapour, by the heat which originally occasioned the whiii- 
wind, often forms a dense cloud. W’atcr-spouts are observed 
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of all sixes, from the thickness of a linger to tweiity*five 
feet in diameter, and at their junction with the ocean, the 
water appears to boil. If a large water>spout were to break 
over a ship, the vessel would either be destroyed, or would 
sustain very serious damage; when, therefore, they appear 
to be coming very near, the sailors avert the danger, by firing 
a cannon snot through them, and thus dissipating them. 
When ndt disturbed, they generally break about the middle. 
Several water-spouts are wquently seen within the space 
of a few miles, and they are attended in general with more 
or less noise, sometimes only a hiss, sometimes a murmur, 
and sometimes with a roar like that of an agitated sea. 
W'ater-spouts are sometimes driven from the sea, to a con¬ 
siderable distance over land, where they at length break, 
and deluge tlie plain, besides the mischief produced by the 
gyratory motion of the air. As thunder and lightning 
frequently attend whirlw'inds and water-spouts, it has been 
supposed that electricity, if not the sole cause of these phe¬ 
nomena, has at least a share in their production; but electri¬ 
city is produced whenever water is reduced into vapour, or 
vapour is converted into water; and the present state of 
knowledge on this subject is insuftici*jnt to decide whether 
the tliunder and lightning may not be considered rather as the 
cohsequences than the causes of them. 

A lurnado is a whirlwind upon a large scale, being pro¬ 
duced by the same causes; it is the whirlwind of tropical 
regions, and its efiects are often tremendous. A moist vapour 
usually attends a tornado, the path of which is marked as if 
with rain. 

Hurricam is another term for a storm of wind, seldom 
occurring, in its roost terrific form, except in tropical 
climates. It is occasioned by the struggle of opposite winds, 
but does not, like the tornado, shift through all the points 
of the compass. It generally comes on with a northerly 
wind, and alter veering to the east, it ceases; but the change 
is effected with such sudden impetuosity, that no shin can 
veer with it; whence it happens that the sails and yards are 
carried away, and sometimes the masts themselves twisted 
off. Of hurricanes it is usually observed, that they happen 
either on the day of the full, change, or quarter of tne moon. 
If at the change of tlie moon, an unusual redness of the sky is 
observed, and at the same time, turbulence of the skies, swell¬ 
ing of the sea, a remarkable calm, and the hills clear of 
cloiids« a hurricane may be expected at the full; or if these 
signs be oWrved at the full, a hurricane may be expected at 
the change. 
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It would be an interesting speculation to attempt at large 
the developeinent of the purposes efi'ected by the winds; but 
in this place it must su^ce to observe generally, that their 
cessation would accomplish the immediate destruction of 
animated existence. It is by tJie atmosphere's ceaseless pro¬ 
pensity to motion, from every cause that varies its density, 
and the universal prevalence of such causes, that noxious 
effluvia are carried otl as they are produced, to parts where, 
by chemical operations in the laboratory of nature, the air 
they have poisoned is absorbed or regenerated, and the whole 
mass of atmosphere preserved from corruption. And if vve 
turn from this point of view to another, we find the services 
of the winds almost equally important in meliorating the 
fervour of a vertical sun, and equalizing the temperature over 
the whole globe. When these salutary and umversal benefits 
are consuiered, the transient and partial eiiects of storms, 
especially when regarded as aiising out of the rapidity with 
which the wiiul.s perlbrm their ollice, can be regarded only as 
a slight sacrifice to the general good. 


Or THE Wl.vtucr. 


A knoivledge of the approaching changes of the weather is 
of so iiuich utility anil inijjortance toagieat part of mankind, 
and of convenience to all, that it may seem surprising every 
indication of change which observaticni has yft furnished, has 
not been nccumuluted, and reduced into one system. It is 
true, however, that with respect to this, as on other occasions, 
those most interested arc willing to content themselves with 
arguing from the appearances of the passing moment, or from 
a set of rules wliich, almost without eliort, they have formed 
for themselves. It is to be admitted that farmers, and a 
great number of others, are generally furnished with a baro¬ 
meter or weather-glass; but this instrument, from its indica¬ 
tions as to height not being combined with other circum¬ 
stances, is seldom of much use to them, and not unfrequently 
leads them into errors, which might have been avoided, under 
a more comprehensive consideration. Dr. Halley appears 
to have been the first who drew up, from an extensive series 
of observations, tlie laws which govern the motions of the 
barometer, and it is to bis conclusions and reasoning wje 
shall first advert. He states the roost general phenomena in 
eight propositions as the basis on which he proceeds. 
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1. In calm settled weather, when the*air is inclined to rain, 
the mercury is commonly low.* 

2. In serene, good, settled weather, the mercury is generally 
high. 

3. Great winds, though not accompanied with rain, sink 
the mercury lowest of all, with relation to the* point of the 
compass the wind blows upon. 

4. The greatest heights of the mercury are observed during 
easterly and north-easterly w inds. 

5. In calm, frosty w'eather, the mercury generally stands 
high. 

6. After great storms of wind, when the mercury has been 
low, it generally rises again very fast. 

7. The more distant places are from the equator, the greater 
the range of the mercury in the barometer. 

8. Within and near the tropics, the variation of the mer¬ 
cury is very little in all weathers. 

Hence Dr. Halley considers the principal cau.se of the ris¬ 
ing and falling of the ^mercury to be variable winds, which 
are found in the temperate 2 one.s, and which in England are 
rentrarkably inconstant. A second cause is the uncertain 
exhalation and precipitation of the vapours lodging in the air, 
which is thereby rendered heavier or lighter; but this cause 
is in a great measure dependent upon the former. The appli¬ 
cation of these principles to the phenomena, is next to be 
considered; and this will be done in the order in which tin- 
phenomena have been enumerated. 

1. A low state of the mercury indicates rain, because the 
air being light, the vapours are no longer suppoittd by it, they 
having become specifically heavier than the medium wherein 
they fl^oated; so that they descend towards the earth, and, on 
their way, meeting with other aqueous particles, they incorpo¬ 
rate together, and form little drops of ruin, liut the mercury's 
being at one time lower than at another, is the effect of two 
contrary winds blowing from the place where the barometer 
stands, whereby the air of that place is carried both w ays from 
it, consequently the incumbent cylinder of air is diminished, 
and the mercury sinks. For instance, if in the German ocean 
it should blow a gale of westerly wind, and at the same time an 


• Tbe nuig« of Uie nercorj, it Hm been ob>er?ed, U in tbii ooootrjr nbout three 
iadMi, vb. between 28 and St ioohet; the mercorjr is (herefore ^aid to be low, when 
it ia ImMStb the middle point, or 29| inebe*; and high, when it is 4 or S imUts or more 
•bore that point. 
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easterly wind in the Irfsh sea; or if in France it should blow 
• a northerly wmd, and in Scotland a southerly,theeflfect ineither 
case must be to exhaust and attenuate the air over England, 
where t*he mercury will subside, and the vapours, which before 
floated in those parts of the air of equal gravity with them¬ 
selves, will si^ik to the earth. 

2. A high slate of the barometer is occasioned by two con¬ 
trary winds, which, blowing towards the place of observation, 
accumulate the nir of other places there ; hence the incumbent 
cylinder of air being increased both in height and weight, the 
mercury, while thus pressed, necessarily stands high, and the 
vapours being supported, have no inclination to precipitate 
and full down in drops ; hence serene good weather attends 
tlie greater heights of the mercury. 

3. The mercury sinks the lowest of all by the very rapid 
motion of the air in storms of wind ; for the tract where these 
w imis rage not extendimj; all round the j^lobe, the stafxnant air 
which IS left behind, as likewise that on the sides, cannot 
come III fast enough to supply the quantity removed by so 
swift a current; so that the air is attenuated where such winds 
blow, in proportion to their violence. It may also be supposed 
that the horizontal motion of the air diminishes its perpendi- 
cukir pressure, and the great agitafion of its jiarticles dissi¬ 
pates the vapours, and prevents tliem from condensing into 
drops so as 1u form ram, otherwise the natural consequence of 
the air’s rarefaction. 

4. The mercury in this country stands the highest upon an 
easterly or north-easterly wmd, because in the Atlantic ocean, 
on this side the 3oth degree of north latitude, the winds are 
almost always westerly, or south-westerly ; so that nvhen the 
wind here comes up at east and noith-east, it is checked by a 
contrary gale as soon as it readies the ocean. By this means, 
agreeably to the second remark, the air over this island accu¬ 
mulates, and the mercury is high. lu countries where the 
Winds are under dilicrent circumstances, the same rule w'ill 
not hold; and even in England, Dr. Halley had observed the 
mercury to be as low as 29 inches upon an easterly wind, hut 
then It blew exceedingly hard, and therefore ought to be ac 
counted for by the third remark. 

5. In calm, fiosty weather, the mercury generally stands 
high ; perhaps because it seldom freezes but when the winds 
come out of the eastern and north-eastern quarters; or at least 
those winds blow at no great distance; for the northern parts 
of Germany, Denmark, Sweden, ISorwny, and all that tract 
whence north-feast winds come, are subject, during the winter, 
to almost continual frost, which condenses the lower air, aiiu 
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in this state it is brought hither by tl/ese winds; and being 
accumulated by the opposition of the westerly ^^ind blowing 
in the ocean, the mercury is maintained at a more than ordi¬ 
nary height. A concurring cause is, the shrinking of the 
loner parts of the air by cold, a circumstance which must be 
attended with the descent of the upper parts of the atmo¬ 
sphere, to reduce the cavity made by the contraction. 

( 6. After great storms of wind, when the mercury has been 
very low, it generally rises again very fast. After a long con¬ 
tinued storm of south-west wind, it has been observed to rise 
an inch and a half in less than 8i.\ hours. This happens, be¬ 
cause the air, at the place of observation, being greatly rare¬ 
fied during such continued storms, the neighbouring air ruslit s 
swiftly in to restore the equilibnum. 

7. The variations are greater at places most distant from 
the equator; in the nortliern hemis[)herc. for example, the 
variation is greater at Stockholm than at Pans; because the 
more northern parts have usually greater storms of wiiul 
than the more southerly, by which the mercury sliouiil 
sink lower in that extreme; and then the northerly winds 
bringing the condensed and ponderous air from the neigh- 
bourliood of the pole, and that again being checked hy a 
southerly wind at no great distance, and so hea[»ed, imis' ut 
necessity make the mercury in such case stand higher in the 
other extreme. 

8. l^astly, the remark that tiiere is little or no variation 
near the equinoctial, as at Barbadoes and St. Helena, is a 
confirmation of tile hypothesis that variable winds are the 
cause of the variations of the mercury; for in the places 
above-named, there is always an easy gale of wind blowing 
nearly upon the same point, viz. east north-east at Bar¬ 
badoes, and east south-east at St. Helena; and from tiie 
absence of contrary currents to exhaust or accumulate the 
air, the atmosphere continues much in the same state. Dur¬ 
ing hurricanes, however, the mercury often descends very 
low, but it soon regains its settled state of about 29^ inches. 

The preceding theory of Dr. Halley has been much con¬ 
tested ; but it does not appear that any other agrees so ex¬ 
tensively with the phenomena. Ail observations shew that 
the wind has, in our climate, a remarkable influence in rais¬ 
ing and depressing the mercury; yet that* winds are not so 
exclusively the pause as Halley is inclined to infer, Dr. Black, 
the most successful antagonist of the theory, has afforded 
strong evidence to conclude. This philosopher supposes that 
cbeioical changes cause the rising or falling of the mercury in 
the. iMUrometer; arguing, that water in the state of vapour. 
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requires a large quantity of caloric to keep it in that state, 
’ and the caloric thus absorbed becomes latent; when the 
caloric is liberated, its ef?'ect in rarefying the air, causes the 
mercury to fall, and when it is al)sorbed, the contrary effect 
ensues. This explanation does not do justice to the chemical 
theory; it merely points it out; our limits oblige us to leave 
speculation for the purpose of introducing some remarks more 
immediately useful. 

It is particularly to be noted, that the height of the mer¬ 
cury IS not the principal criterion for ascei taming the pro¬ 
bable changes of the weather, but rather the relative motion 
of that fluid in the tube. Hence to predict the impending va 
nations, we should correctly know whether the mercury is 
rising or falling at the time of observation. For this purpose, 
the following rules should be regarded ; 1. If the surface of 
the mercury be convex, standing higher in the middle of the 
tube than at the sides, it generally indicates the rising of this 
fluid melai. 2 . If the surface be concave, the mercury is then 
sinking. 3. If it apjicar to be level, or very nearly so, it is 
stationary. 4. If after shaking the instrument, that is, strik¬ 
ing It so as to give it a slight vibratory motion, the mercury 
rises about half a tenth of an inch higher than it stood before. 
It Tn a proof that the air lias become heavier; but if it sinks in 
the same proportion, it follows that the atmosphere is lighter. 
Hence, 111 relL-rring to tlie bai oiiu ter, the observed height of the 
ineicury should nut be considered the true height, unless the 
instrument has been previously shaken, because the metal, 
adhering to the sides of the tube, assumes not the station it 
w'ould arrive at, until tliscngaged in the manner above-men¬ 
tioned. 

The eight propositions in which the chief phenomena of the 
baroinett*r have been enumerated, w'ore laid down with a view 
to explain their causes ; but it will now be necessary to state 
more minutely the partii ular states of the weather which are 
likely to follow such clKuigoj^. 

1. The rising of the mercury generally presages fair weather, 
as ilh falling does the contrary, or rain, snow, high winds and 
storms. 

‘ 2 . In very hot weather, the sudden falling^ of the mercury 
portends thunder. 

3. In winter, the rising indicates frost; and in frosty wea¬ 
ther, if the mercury fall three or four divisions, there will cer¬ 
tainly follow a thaw ; but if it rise iii a contHiued frost, it will 
be accompanied with snow. 

4. When foul weather quickly succeeds, after the falling of 
the nieicury, it will not be of long duration; nor are we to 
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expect a continuance pf fair weather ^hen it soon succeeds 
the rising of the mercurv. 

5- if, in foul weather, the mercury asceuds considerably, 
and continues in an advancing state for two or three days suc¬ 
cessively, before the foul weaUur is quite over, then we may 
expect hue weather of some coiUinuauce. 

t). If, in clear weather, the mercury falls remarkably for 
two or three days together, belbrc the rain sets in, it is 
highly probable that much rain, and perhaps high vviivds, will 
follow. 

7. An unsettled state of the mercury indicates changeable 
weather. 

8. The words engraved on the register-plate, cannot be 
strictly relied on, to correspond exactly "ith the state of the 
weather at every observation. The upper words are most to 
be noticed, when the mercury removea from chnuj/cahle up¬ 
wards; as those on the lower part should be adverted to. 
when the mercury falls from ckan<^ml>lc downwards. In 
other cases, they must be disiegarded; for as the rising 
of the mercury in any part indicates a tendency to fair, 
and its falling to foul weather, it follows, that though it 
descend in the tube from Httlcdfair, to fair, there may never¬ 
theless be a little rain ; and wlien it rises from much rain to 
rain, it shews only an inclination to become fair, and the 
wet weather may still continue, though in a less considerable 
degree than when the mercury began to use. But if the 
mercury, after having fallen to much ram, should ascend to 
changeMk, it predicts fair weather, though of a shorter con¬ 
tinuance than if it had risen still higher; and, on the contrary, 
if the mercury stood at fair, and descends to changeable, it 
presages foul weather, tliough not of such duration as if it had 
fallen lower. 

9. Thill mercury sometimes falls considerably without any 
remarkable change following it; this mray arise from a distant 
storm, or even an earthquake. 

lOw If the mercury begin to rise steadily from a low state, 
and the wind change from the south or west to the tiorth or 
' east, fine weather may be expected. 

iL A rapid movement of the mercury, even when rising, 
is an indication of bad weather, though not of long continu¬ 
ance* 

12. The rising of the barometer is a more certain indication 
of fair weather, than its sinking is of rainy weather, because 
it often sinks for wind, as well as rain. If, therefore, while 
the baioineler is sinking, the atmosphere stiM 'remain clear, 
4 |aind may he expected. 
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With respect to ))rognostics of the weather, independent of 
the barometer, and which indicate the general state of an ap- 
jtroaching season, Kirwan has deduced the following rules, 
from observations made in England during a period of 112 
ycHis, viz from 1577 to 1789 : 

1. When do storm has either preceded or followed the ver¬ 
nal equinox, the succeeding suranier is in genera) dry, or at 
least so, live tunes out of six. 

2. If a storm happen from an easterly point, on the I9th, 
2Uth, or 21st day of May, the ensuing summer will, four times 
in five, be also dry.—The same event generally takes place, if 
a storm arise on tlie 2oth, 2(jth, or 27th days of March, lu any 
point of the compass. 

3. Should there he a storm, either at south-west, or at west 
south-west, on the l9th, 20lh, 21st, or 22d of March, the fol¬ 
lowing summer is u'vt, five tunes out of six. 

In England, if the winters and springs be dry, they are 
ino.stly co/ii: but if moist, they are generally xcarni : on the 
contiary, tlry summers and autumns are usually hot; as moist 
suuimer.s are cold. Thus, if the humidity or dryness of a 
fiarticuiar season be determined, a tolerably correct idea may 
be formeu respecting its temperature.— fo the above indica- 
tionis may be added the followiiiff maxims, which are the re- 
Miii of t)ie observations made by various accurate observers. 

1. A moist autumn, succeeded by a mild winter, is generally 
followed by a dry and cold spring; in consequence of whicli, 
vegetation is greatly rt'tardtd. 

2. JShould the hummer be uncommonly wet, the succeeding 
winter will be severe ; because the heat or warmth of the earth 
will he earned otl bv such unusual evaporation. It has been 
remarked, that wet summers are mostly attended with an in¬ 
creased quantity of fruit on the white-thorn and dog-rose; so 
that an unconunuii fruitfulness of these shrubs is considered 
as the presagi* of an intensely cold winter. 

3. A severe winter is always indicated by the appearance 
of cranes, and other birds of passage, at an early period in 
autumn; because these birds never migrate southwards, till 
the cold season has commenced in the northern regions. 

d. If frequent showers fall in the mouth of September, it 
(leldom rains in May ; and the reverse. 

5. On the other hand, when the wind often blows from the 
south-west, during either summer or autumn; when the air is 
unusually cold for those seasons, both to our sensations, and 
by the thermometer, the mercury at the same time being low 
in the barometer, profuse rain mav be exuected to close the 
season. 
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6. Great stonns» rains, or other violent commotions of the 
clouds, often produce a kind of crisis in the atmosphere; so 
that they are followed by a regular succession, either of fine 
or of bad weather, for some months. 

7. An unproductive year mostly succeeds a rainy winter. 

8. Jones, in his physiological disquisitions, observes, that 
when it rains during a moon, the following change will pro¬ 
bably produce clear weather for a few days, and then a con¬ 
tinuation of rain; but, on the contrary, when it has been fair 
throughout, and it rains at the change, the fair weather will 
probably be restored about the fourth or fifth day of the moon, 
and continue as before. He adds, that he has made hay by 
these prognostics for twenty years, without having had the 
mortification of one disappointment. 

9. Of the favourable prognostics drawn from the aspect 
of the sky, two of the most decisive, perhaps, are the fol¬ 
lowing: an apparently great elevation of the celestial con¬ 
cave, and an evident disposition in the clouds to dissolve 
and disappear. 

10. The gay, deep tinges of red and orange, reflected by the 
evening clouds, are welcomed by all as a favourable earnest 
of the ensuing day ; but when the same colours are observed, 
widely spread, at the break of day, a contrary conclusion is 
inferred, and generally confirmed.* 

11. When the sky is entirely overcast, and small clouds, of 
a darker hue than the rest, are observed flying underneatli, 
much rain may be expected. 

12. When rain is very near, smoke and other vapours de¬ 
scend almost to the earth, the air being too light to support 
them; birds also fly lower than at other times. 

13. When the dew, at the close of a summer’s day, 
falls very copiously, the following day may be expected 
to be fine; but if the dew be deficient, the contrary may be 
looked for. 

14. In collecting natural prognostics, observers have not 
failed to attend to the instincts of animals, when they appeared 
to have a relation to the purpose. In this pursuit, the poor 
despised spider appears most worthy of notice. These in¬ 
sects are oDserved to work diflferently at different times. If 
the weather be about to change, and become wet or windy, 
they make the terminating filaments that support their web 
uncoQimonly short. But- if such threads be extended to an 
unntnal length, the weather will remain serene for ten or twelve 
d«yB, or for a longer period, according to their proportionate 
extension. On Inc contrary, when the spiders are totally 
inactive, rain will shortly follow; but if they continue to spin 
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during a shower, it is ftn indication that the rain will speedily 
cease, and be succeeded by calm fair weather. 

15. Long, single filaments, like those of the spider’s web, 
sometimes appear on grass, in considerable numbers, and 
stretched in various directions. When these are observed, a 
continuance fine weather, for eight or ten days, generally 
follows. 

To these prognostics of the weather, might be added many 
others; but perhaps the list has been already suiliciently ex¬ 
tended. The work of observation, on all the changes of the 
atmosphere that can be detected by instruments, is now car¬ 
rying on, to an extent without example in former times, by in¬ 
telligent persons in various parts of the world, in this kingdom 
especially; and when, with the lapse of years, the necessary 
(lata have been accumulated in suilicicnt abundance, mankind 
will probably be furnished with deductions that v\ili raise this 
important branch of knowledge far beyond its present state; 
and it is only as these come forward tiiat prognostics of real 
value can be multiplied. 


Of, Sou ND. 

The only remaining mechanical property of air which 
we have to notice, is that which renders it the medium of 
sound. 

Any body which produces sound by collision from another, 
is called a sonorous or soundina; bodi/: though the term sono¬ 
rous is more especially applicable to such bodies as produce a 
distinct and continuous sound, like a bell, or the string of a 
musical instrument, than to those which produce a dull and 
momentary sound, like that of clashing together two pieces 
of chalk. 

If a bell firmly suspended by its centre, be struck by its 
clapper, or by a hammer, its circumference, if of considerable 
diameter, may be observed to vibrate backwards and forwards, 
which vibration will be still more easily perceived, if any point, 
fixed independent of the bell, be set at a short distance from 
its edge, as it will alternately recede from and approach to 
this point for some time. The first vibration has the greatest 
range, and each following one is less and less, till the bell re¬ 
gains a state of rest. While the vibrations of the bell conti¬ 
nue, the sound* dwells upon the ear, and decays as they decay; 
at least the ditferefiice of time between the cessation of the sound 
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and the cetsatioii of the pibrattons of the bell, is imperceptible, 
when the ear is within a short distance of ^e bell. The yi* 
brations of Uie bell are conimnnicated to the particles of air in 
contact with it; these particles gire tbe impulse to those be¬ 
hind them; the motion is communicated by successire waves, 
in every direction ; and when the air, in this stave of motion, 
strikes upon the fine membrane, called tlie tympanum, in the 
cavity of the ear, it produces the sensation of sound. In pro¬ 
portion as the ear is at a distance from the sonorous body, 
other circumstances being the same, the sound is less loud 
and distinct, because, at an increased distance, the same quan¬ 
tity of motion in the air is spread over a greater space, and 
consequently it reaches the ear in a less concentrated state. 
The vibratory motion of the air, producing sound, cannot be 
rendered visible; but it may be felt by holding the hand over 
one of the pipes of a large organ, and it may be in some de¬ 
gree illustrated by a reference to the well-known appearance 
produced by impressing with any force the surface of smooth 
water; which, from the part wheie the force operates, immedi¬ 
ately spreads in circular waves to a great distance, where there 
is sufficient room fur the full effect to be observed. The 
waves are low in proportion to their remoteness from the 
spot where the motion emanated ; and the last wave is not* an 
extension of the first; but the ffist communicates the force 
which successively produces others; a circumstance that may 
be rendered evident by observing that the waves move faster 
than any light body floating upon the water, which could not 
otherwise be the case. The undulations exhibited by this ex¬ 
periment, in otie direction, that is, upon a horizontal surface, 
correspond to those excited in the air, in ettery direction, by a 
sounding body. 

The decay of sound has been supposed by some to be 
nearly in the direct ratio of the distances; while others 
have concluded it to be nearly as the squares of the dis¬ 
tances. These difierences have evidently arisen from the 
want of a certain method of measuring the intensity of sound, 
when tbe theory was to be proved mechanically; and an 
ignorance of the necessary data for establishing the theory 
mathematically. 

The velocity of sound, thongh, like the rate of its diminu-* 
tion, the subject of different opinions, has been examined with 
ecmsiderable success, and on the authority of numerous experi- 
menta it is supposed to travel uniformly, at the rate of about 1142 
feet in aaecond; or one mile in rather less than five seconds. 
Soma phiiosopbers have estimated its velocity higher, and others 
not so nigh; but it is reasonable to allow, thail in measurements 
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of this tort, extreme accuracy must be considered an acci- 
* dental ac(|uisttion» that cannot be proved; from the difficulty 
of measuring very minute portions of time, and the indistinct 
impression made by very distant sounds, together with the 
uncertain presence of various circumstances by which they 
may be modihed. All sounds move with the same velocity ; 
the gentlest whisper moves over the distance to which it ex¬ 
tends, as rapidly as the report of a cannon over the same dis¬ 
tance. A strong wind has been supposed to retard the pro¬ 
gress of sound so roach, that a sound advancing against it 
travels at the rate of one mile in a minute slower man when it 
is in its favour ; but experiments are wanting to decide this 
question in a satisfactory manner. It has been found, that the 
report of a fire-arm is heard further, when the mouth of the 
piece is tovrards the person who hears it, than when it points 
any other way. In a great variety of other cases, the undula 
tion is communicated to the air roost strongly in one direction. 
An orator with a good voice may easily make himself heard at 
the distance of one hundred feet in a direct line before him; but 
be will not be heard with equal distinctness, at more than the 
distance of eighty feet on his right and left, or of forty feet 
immediately behind him. The situation of a speaker, and the 
shape of a room best adapted to oratory, should therefore be 
regulated by these data. 

A knowledge of the velocity of sound is obviously applicable, 
in certain cases, to the purpose of determining distances. If a 
vessel is observed to fire a gun, and 8 seconds elapse between 
seeing the flash and hearing the report, the distance of that 
vessel is 8 times 1142 feet, or 1 mile 1285 yards; because the 
flash and the report are in reality made at the same moment, and 
the velocity of light is so great, that, at any terrestrial distance, 
it may be considered instantaneous. In the same manner may 
be estimated the distance of thunder, by noticing the number of 
seconds that intervene between seeing the lightning and hear¬ 
ing the thunder. Lightning passes with such velocity through the 
atmosphere, as to leave a vacuum behind it, and when the air 
that has thus been pushed aside rushes together again, the con¬ 
cussion produces tne thunder, which instantly follows the flash 
That the particles of air are hard, and capable of producing such 
a sound by collision, is proved by the air-pump, in the experi¬ 
ment where, by the bursting of a bladder covering an open 
receiver, a column of air is caused to fall upon the pump- 
plate ; and indeed the report of fire-arms is occasioned only by 
the force with which the air, that rushes in to fill the vacuum 
left at the exit of the charge, strikes the bottom of the 
piece. 

• 29.— VoL. II. 
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A beli rang in condensed air maked a louder sound than 
nhen rung in air of the usual density; when the condense* 
tion is equal to two atmospheres, the sound is transmitted 
twice as far as by common air. From the impossibility of 
obtaining a perfect vacuum, we have no positive proof that 
sound does not take place in vacuo; but as, thb more a re¬ 
ceiver is exhausted, the more faint any given sound made in 
it becomes, till at length the collision of two bodies, which 
would be extremely loud in common air, cannot, from its 
faintness, be heard without an extraordinary degree of atten¬ 
tion, a doubt can scarcely exist of the extinction of all sound 
in a perfect vacuum, unless our organs were in actual contact 
with the sounding body- It is agreeable to the facts here 
pointed out, w’itli regard to the ellect of the air's density on 
sound, that sound is transmitted further in valleys than on the 
tops of mountains. 

Whatever diminishes the elasticity of the air, impairs its 
capacity of conducting sound. When the air is in a very 
moist state, the intensity of the .same sound is less than at 
other times; and in the fogs of London, which sometimes, 
even at mid-day, produce a degree of darkness that prevents 
so large an object as a horse from being seen at a greater 
distance than two or three yards, the ear gives no notice of 
danger when it is often exceedingly imminent, by the noise¬ 
less approach of carriages, &.c. till arrived within a very short 
distance. 

When smooth and level ground is interposed between the 
sounding body and the hearer, the sound is heard at a much 
greater distance than when houses, walls, trees, crops of 
grain, &c. are interspersed in the path of the sound. Over 
the surface of smooth water, sound is conveyed admirably 
well, and may be heard at a greater distance than in any other 
way which nature affords. By placing the ear close to the 
ground or to the water, distant sounds may be heard, which 
would otherwise be entirely imperceptible. The Indians of 
North America are perfectly conversant with this practice. 

The most elastic bodies are in general the most sonorous; 
and it is on the great elasticity of bell-metal, glass, &c. that 
their sonorous properties depend. Yet substances which pos¬ 
sess very little elasticity are not without the power of convey¬ 
ing sound; for example, nothing is known to be less elastic 
than water, but the sound from two stones struck together un¬ 
der this fluid, has been heard at the distance of two miles by an 
ear placed in or close to tlie same body of water; the sound of 
a bell rung^ under water, and heard in air, will not reach so far 
as if rung in air, and its tone is about one quarter deeper. 
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The vivacity with whfch sounds are transmitted through solid 
substances, of various kinds, is very remarkable. The scratch 
made with a pin at one end oi* a piece of timber, fifty feet 
long, may be distinctly heard by an ear placed close to the 
other end, although the same sound could not be heard through 
the air at the'distance of a dozen feet. In all cases, sound is 
diminished by a change of the medium of its conveyance. 

Soft bodies, such as woollen cloth, absorb or deaden sounds; 
hence oratory and music are imperfectly heard behind a great 
number of people, or in apartments containing much«extended 
surfaces of a soft texture. 

The difference of sounds, in point of strength, is easily 
understood by referring it to the power with which the sound¬ 
ing body in its vibrations strikes the air; but it may be in> 
quired what makes the difference of tone, or between grave 
and acute ? It is answered, that this is owing to the greater 
or less frequency of the vibrations of the sounding body in a 
given time. Quick vibrations produce acute sounds ; slow 
vibrations, grave or deep sounds. Euler is of opinion, that no 
sound making fewer vibrations than 30 in a second, or mare 
than 7520, is distinguishable by the human ear; but supposing 
this statement to be correct, it is obvious how numerous the 
difliercnces of tone may be. An ear is considered to be bad 
or good, in proportion to the facility with which it distin¬ 
guishes these dirterences. Sonorous bodies are said to be in 
unison, when their vibrations are equally frequent. 

Any body susceptible of distinct vibrations may be put 
into full motion, by the repetition of the least imaginable 
impulse, provided that impulse be given at intervals precisely 
equal to double the time required for the body to perform 
one of its vibrations. For example, suppose a seconds’ pen¬ 
dulum, properly suspended, to oe at rest; we know that, 
when in motion, it comes to the same side at the expiratron 
of every two seconds. At each interval of two seconds, 
therefore, impart to it, in the direction proper for its motion, 
a very small impulse, as by a puff of wind from the mouth, 
and its motion will soon be perceptible. The fact is, that 
the first impulse communicated some motion, though not 
enough to be visible; but as the impulses were repeated 
always, not when, with this invisible motion, the pendulum 
was coming towards but going from them ; the accumulation 
of the motion in a short time became evident to the eye. 
This experiment is applicable to the explanation of a curious 
effect of sonorous bodies in unison. If one of two strings, 
which are in unison, that is, which perform their vibrations 
ill equal times, be caused to sound, the other, as if actuated 
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by some e|K>ii|ft»eoei »3faipetby, will,' if not at loo great a 
diatanoe, also begin to found. Here the eibrationt or pulea* 
tioof of the air, although they may not be powerful enough 
to effiM the purpoee at once* produce an aeoumulated motion 
in the aeeoBa sounding body, which would not be the case 
unless the sacoessiea impulses received by it cohresponded to 
its proper motion, in the same manner as those given to the 
pendulum. 

When the air, in a state of vibration, strikes upon a solid, 
regular surfisce, it is reflected by it in ^e same state, at an 
angle equal to the angle of incidence. An ear, therefore, 
aituated in direction of these reflected vibrations, per¬ 
ceives a sound similar to the original one, but apparently ori¬ 
ginating in a right line with its last direction, at a distance 
equal to the reacted and incident course. These reflected 
sounds are called echoet ; they cannot, on account of the 
great velocity of sound, be distinguished from the origins! 
sounds within the space of fifty-five feet from the reflecting 
snrface, therefore an echo must always be at that distance ^or 
more: when the reflecting surface is nearer, it is only said to 
ii^ease the sound. As refleclmg surfaces produce various 
differences, according to their distance, figure, and composi¬ 
tion, the effects of echoes are very different. The sides of 
hills, buildings, rocks, the surface of water, are all capable of 
reflecting sound; and even thunder frequently owes its con¬ 
tinuity to a reverberation from the clouds. A convex surface 
reflects sound indifferently, a flat surface well; and concave 
surfaces the best of all, particularly when the sounding body 
and the ear are in the direction of the centre of concavity : 
hence the effect produced by whispering domes and whisper¬ 
ing galleries. In an elliptical chamber, if the sounding body 
be placed in one focus of the ellipse, an ear placed in the 
other focus will hear a much louder sound than if in any other 
situation. Tliis follows from the nature of an ellipse, com¬ 
bined with that property oi sound by which its angle of inci¬ 
dence is equsl to the angle of reflection ; for if, from any point 
in the circumference of an ellipse, two lines be drawn to the 
foci, they will make equal angles with the carve at that point. 
The wbispe ring gallery in the dome of St. Paul’s Cathedral, 
boadon, is a good example of this effect. A person turning 
hie face towards the wall, on one side, speaks in a low whis¬ 
per, which is more distinctly heard by a person at the opposite 
side of the dome, than by one close to him; and the shutting 
of a small door on one side, makes a noise like thunder on 
Iba ntber. Something of the same effect is observed, even 
when two semi-ellipttcal cavities, like niches, are situated 
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^ opposite each other, without any connecting wall; and sonnds 
uttered in the focus of one of them, may be well heard is fh« 
focus of the other, though very indistinct at other points. 

“ h is in general known,” says Goldsmith, “ that caverns, 
grottoes, mountains, and ruined buildings, return t^s image 
of sound. linage, we may call it; for in every respect it re¬ 
sembles the image of a visible object reflected from a polished 
surface. Our figures are often represented in a mirror without 
seeing them ourselves, while those standing on one side are 
alone sensible of the reflection. To be capable of seeing 
the reflected image of ourselves, we must be directly in a line 
with the image. Just so it is in an ecfao,^we must stand in a 
line in which the sound is reflected, or the repetition will 
be lost to us, while it may, at the same time, be distiuctly 
heard by others who stand at a small distance to one side 
of us. 1 remember a very extraordinary echo, at a ruined 
fortress near Louvain, in Handers. If a person sung, he only 
beard his own voice, without any repetition ; on the con¬ 
trary, those who stood at some distance, heard the echo but 
not the voice ; out then they heard it with surprising variation, 
sometimes louder, sometimes softer, now more near, then more 
distant.” 

Ar'entriloquism, or the art of speaking in such a manner that 
the voice appears to proceed from any place or object at the 
option of the speaker, has been supposed by some to consist 
in the artful management of an echo; but the difficulty of 
producing by echo, the same sounds, in any variety of situa¬ 
tion, seems an insurmountable objection to this explanation. 
It 18 a more probable hypothesis, that the art of the ventri¬ 
loquist is that of mimicry, his acquirement of it being facili¬ 
tated by the natural aptitude of tlie voice to admit of any 
modification, and completed by degrees, and diligent atten¬ 
tion to the actual sounds he would imitate. Veutriloquists 
are in the habit of exerting their talent when not looked at, 
or, when observed, they divert attention from themselves by 
gesticulation. It may seem strange that so much uncertainty 
should prevail respecting the nature of an art which has occa¬ 
sionally at least been so publicly practised ; but it must be 
considered, that the possessors of the secret have in general 
been anxious to make it gainful of money only; that the very 
few who have been above this, have preferred the admiration 
bestowed on an art supposed to be unacquirable, to tlie merit 
of a disclosure which might tend to place them on a level with 
others; and lastly, that scientific men have as yet had very 
few opportunities of examining those who have been remark 
able tor this description of skill. 
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On the reflexibility of eound, depends the valne of the hear- 
ing-trampet, which consists of a tube, with one of its apertures 
very small, ’ compared with the othei. The smaller aperture 
IS held to the ear, the other presented to the point from which 
the sound comes. The smaller aperture is only about a quar¬ 
ter of an inch in diameter, the other often four inches. Hence 
the quantity of motion in the air, which at its entrance was 
spread over the large area, becomes concentrated in its pro¬ 
gress up the tube, which reflects the sound from its sides 
towards its axis. The sound is therefore much louder, but 
not so distinct; probably the latter efl'ect arises from the best 
form of the hearing-trumpet not being understood, or the 
workmanship not well executed, and in part, no doubt, because 
these instruments cannot be made of any substance which ,s 
perfectly elastic. 

The speaking-trumpet is in fact the same instrument as the 
hearing-trumpet, applied only to the purpose designated by 
its name. The mouth is applied to the smaller end, and its 
efiect is to make its chief impression on the air, (and therefore 
to convey nearly the whole of the sound,) in the direction of 
its axis, so that an ear placed in the direction of the axis, will 
hear the speaker at a much greater distance than without such 
assistance. The most approved form of the hearing and 
speaking trumpets, is that of a hollow parabolic conoid. 


Abstract of Pneumatics. 

1. The air is the fluid which we breathe ; with the vapours 
it contains, it is called the atmosphere. 

2. The particles of air are solid and impermeable, like those 
of the hardest bodies. 

3. The air is invisible, because of its great transparency ; 
when unconflned, it is imperceptible to the touch, because its 
particles move among eacn other with a facility so great that 
we perceive no force to be required in displacing it; we move 
in it as if it had no pressure upon us, because its pressure is 
in evejT direction the same. 

4. The weight of air is to that of water as 832 to 1. 

6. The air expands in proportion to the diminution of the 
pressure upon it; it therefore becomes rarer as we ascend in 
the atmosphere, and at the height of 34 miles, a given bulk of 
It t^s up twice the space it would do at the surface of the 
earth. 
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G. The air-pump is a* machine for exhausting the ate out of 
vessels; buttne best air-pumps have not so completely attained 
ibeir object as to produce an absolute vacuum, or place void 
of air. 

7. The rising of water in common pumps, is owing to the 
pressure of Ihe atmosphere being removed from one part of 
the fluid, which therefore yields at that part by the pressure 
on the other parts, till the column of water sustained is equal 
to the column of air sustaining it. 

8. Sitciion, unless so applied as to mean the pressure of 
the atmosphere, is a nonentity, and incapable of producing 
cfl'ects. 

9. The pressure of the atmosphere, which is in general l.> 
pounds on every square inch, is not invariably the same, but 
IS on a middle-sized person 18GG pounds less at one time than 
another; and when the pressure is greatest, we feel exhilarated 
rather than depressed. 

10. On the variable pressure of the atmosphere, and the 
changes thereby occasioned, is founded the utility of the baro¬ 
meter, by which instrument the pressure is measured. 

11. The best barometer is the common one, with a straight 
tube, and short scale of variation ; other kinds, in contriving 
wluch, the extension of the scale of variation has been chiefly 
aimed at, are all more or less defective. 

12. In observations for measuring the height of mountains, 
a thermometer must he used along with the barometer, in 
order that a due allowance may be made for the effects of tem- 
jierature in lengthening or shortening the column of mercury; 
and the surface of the mercury in the cistern must be at a 
fixed distance fron^ the scale, before the height of the mercury 
is read off. 

13. The air may be condensed, or forced into less compass 
than it occupies at the surface of the earth, by means of a con¬ 
trivance called a condensvirr engine. 

14. When much condensed, the efforts of the air to expand 
are so great, that it may be employed as a powerful motive 
force. On this depends the properties of air-guns. 

15. An hj/gronieter is an instrument for measuring the dry¬ 
ness or moisture of the atmosphere. 

16. De Saussure’s hygrometer is made of clarified hair: De 
Luc’s, of a slip of whalebone cut across the grain. 

17. The depth of rain which falls on the earth, is estimated 
by the quantity which falls within a small vessel called a rani- 
gauge. 

18. The strength of the wind is measured by its power to 
support bodies out of the position of equilibrium. 
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19. The winds are the consequences' of the Taristions con* 
stantly taking place in the density of the atmosphere, princi* 
pally by the action of solar heat. 

20. In Britain, the most prevalent wind is the south-west. 

21. Variable winds are supposed to be the chief causes of 
the rising and falling of the barometer, which, in' countries not 
subject to them, remains almost uniformly at the same height. 

^ In deriving, from the barometer, prognostics of the 
weather, the tendency of the mercury to an upward or down¬ 
ward motion, rather than its absolute height at any time, is 
chiefly to be regarded. 

23. When the air reaches the ear in a state of vibratory 
morion, it occasions the sensation of sound. 

Bodies which produce the clearest and strongest sound, 
are in ceneral the most elastic. 

26. The quality of a sound, in point of tone, is determined 
by the greater or smaller number of vibrations made by the 
sounding body in a given time. 

26. Sonorous bodies, when sufficiently near, cause each 
other to sound, although but one of them is struck, provided 
they be in unison, or disposed to make vibrations equally 
frequent. 

27. An echo is the reflection of a sonnd, imd cannot be heard 
unless the original sound have traversed the distance of about 
110 feet. 


28. Spiking and hearing trumpets act upon the principle 
of reflecting towards their axes, and thereuy concentrating 
tbs aoond traunutted through them. 
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HYDROSTATICS anj . JJYDRAULrCS. 


The science of Hydrostatics treats of the pressure and equili¬ 
brium of fluids in general; but it is chiefly exemplified by the 
development of the rnechanical properties of water, except¬ 
ing so far as this fluid is dependent for its effects upon its 
motion. The science which teaches the laws of fluids in 
motion, and the application of fluids in that state to machines, 
is called Hi/draiiiks. This distinction between Hydrostatics 
and Hydraulics, appears to make two sciences of 8ubject||too 
intimately connected to be considered in any other light than 
as includinjj only different parts of the same subject. VVe 
have thereiore classed them together, and shall regard them 
as convenient heads for diflcrent chapters, on the properties 
common to non-elastic fluids. 


OF HYDROSTATICS. 

A fluid IS a body whose particles yield to the least efTort 
of partial pressure. 

Fluids arc of two kinds, viz. elastic and non-elastic. Elas¬ 
tic fluids lire those in the state of air or gas; their bulk varies 
with the force compressing, them, and in their other mechani¬ 
cal properties they resemble common air; the general laws 
relative to them are therefore to be derived from pneumatics. 
Non-elastic fluids, as oil, water, spirit of wine, are either 
absolutely or very nearly incompressible. These are the 
bodies with which hydrostatics is chiefly concerned. 

The cause of fluidity has been the subject of much specu¬ 
lation; one opinion is, that the particles of fluids are spheri¬ 
cal, in consequence of which configuration they slide over and 
among each other with prodigious facility. This assumption 
cannot be confirmed by experiment; no microscope being 
powerful enough to shew the component particles of any fluid; 
but it is favoured by the proofs we have of the numerous 
interstices of fluids; in water, for example, salt and various 
other bodies may be dissolved in considerable quantity, 
without enlarging its dimensions. According to this theory, 
also, the densities of different fluids are accounted for, by sup¬ 
posing their spherical particles to be of different sizes, the 
densest fluid having always the least particles; but why the 
3 O.-V 0 L. II. K 
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{ mrticles of various solids should assume a spherical figure 
)y the action of fire, which fuses them, and some other figure 
w hen these bodies become solid in cooling, is not so easily 
determined. It is therefore the opinion of others, that fluidity 
is simply the consequence* of the caloric combined with 
different bodies; the caloric surrounding these particles, and 
lessening their cohesion so much that "they slide very easily 
over each other; when, however, t o much caloric is abstracted, 
that the attraction of cohesion can operate, fluids become 
solid. Perhaps this theory would be improved, if the former 
were combined with it, rather than wholly rejected. Caloric, 
it may be supposed, will most easily lessen the attraction of 
cohesion between particles perfectly spherical, because these 
have the fewest points of contact; bodies may therefore be 
more or less easily rendered fluid, in proportion as their par¬ 
ticles differ more or less from the spherical figure.. 

Though the particles of fluids have certainly a very small 
degree of cohesion to each other, yet it is not so small but 
that it may in a variety of instances be rendered \isible; l.u 
example, it is the attraction of cohesion, that prevents a drop 
of water, placed gently on any dry surface, from expaixlin.^ 
itself; ana that allows a vessel to be filled above its brim 
with water, which could not happen if water were a pl r- 
fect fluid. 


The Florentine academicians, from tlie following experi¬ 
ment, inferred the total incompressibility of water. They 
took a globe of gold, which was the least porous of any body 
at that time known, and having filled it w’ith water, they closed 
it op. They then subjected the globe to a great compressive 
force, which pressed the water through its pores, and caused it 
to form like a dew all over its surface, before any indent could 
be made in it. As a hollow sphere has a greater capacity 
than any other form whatever under the same surface, the 
academicians supposed, that the compressive power which was 
applied to the glooe, must either force the particles of the fluid 
closer together, or drive them through the metal before the 
globe yimded in the slightest degree to compression. With 
respect to its precise object, therefore, this famous experiment 
is not entirely conclusive, because they had no means of deter- 
udintng whether the diminution of the internal capacity of the 


jinnuteness of tne particles that could be forced through so 
dense a metal as gold. The inference drawn by the Floren¬ 
tines remained uncontradicted by any experiment, till about 
1^. when Canton established some conclusions, which 
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i>hewed it was not to be accepted without limitation. With the 
barometer at 29^, and the thermometer at 50, be declares the 
Mlowing to be the resttUs be obtained: 


Coinpressiop of spirit of wine* • • • C6 parts in a million. 

* Oil of olives. 48 ditto. 

Rain-water.46 ditto. 

Sea-water. 40 ditto. 

Mercury .. 3 ditto. 


These results he obtained in the following manner: He 
took a glass tube, about two feet long, with a ball at one end, 
of an inch and a quarter in diameter; he filled the ball, and 
part of the tube, with water which had previously been"de¬ 
prived of air as much as possible; he tnen placed it under 
the receiver of an air-pump, and removed from it the pressure 
of the atmosphere; under this treatment he observed that the 
water rose a little way in the tube. On the contrary, when 
he placed tlie apjiaratus upon a condensing engine, and by 
condensing the air in the receiver, increased the pressure 
upon the W'ater, he observed that the water descended a little 
way in the tube. In this manner he found that water expanded 
oife part in 21740 when the pressure of the atmosphere was 
removed, and submitted to a compression of one part in 10870 
under the weight of a doulile atmosphere. He also observed 
that water pos8e«sed the remarkable property of being more 
coinj)ressible in winter than in summer; contrary to tlie eflect 
on spirit of wine and nil of olives. Lest it might be supposed 
that the compressibility thus discovered might be owing to 
air lodged within the lluids employed, a quantity of water 
was caused to imbibe more air than it contained in a preced¬ 
ing trial; but its compressibility was not increased. These 
experiments, although upon the whole so apparently decisive 
of the questions they were instituted to determine, are yet 
not to be received without some caution ; and in particular, 
the remark that the addition of a portion of so compressible 
a Huid as air, did not render water more compressible than 
before, is rather staggering, and is calculated to throw the 
veil of doubt over ail the rest. It remains therefore for future 
investigation to fix the judgment of philosophers on this sub¬ 
ject; in the mean time, even granting all the coinpressibilitt^ 
that has been contended for, the quantity of it is too small 
to be noticed in practice. 

Persons at sea frequently try an experiment, which proves, 
in a great degree, the incompressibility of w’ater. Having 
corked a bottle containing only air, and therefore called emplv. 
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they tie a rope to it, and aink it to a considerable depth by a 
sufficient weight; on pulling up the bottle, they generally 
hod it either broken, or the cork forced in: but on sinking 
to the same or even any greater depth, a bottle hlled with 
water, they find it, when drawn up, to be uninjured, because 
tlie water resists compression, and therefore ‘ supports the 
bottle; which support, under the pressure at a great depth, 
the air cannot supply. 

Fluids, as well as solids, press downwards, by gravitation, 
according to tbeir quantities of matter, endeavouring always 
to attain the lowest place possible, or place nearest the centre 
of the earth; but tney have tiiis peculiarity, that they press 
in every direction alike, in proportion to tbeir perpendicular 
height, and not their quantity. If one end of a glass tube be 
stopped with the finger, and the other be immersed in water, 
the air confined in the tube will prevent the water from rising 
far; but if the finger be withdrawn from the upper eqd, the 
water, by its upward pressure, will drive out of it a portion 
of air, and rise in it to the same level, as in the vessel: and 
this effect of rising to its level will take place whether the 
tube he held perpendicularly or aslant, or although the 
immersed part bad ever so many convolutions. It is from 
this property of pressing in every direction, that the sides 
of vessels containing fiuids, although at rest, must be made 
strong like the bottom; or if any difference be made, it must 
be gradual towards the top, because the pressure diminishes 
with the diminution of the column sustained. 

The upward pressure of fluids may be proved in a very 
satisfactory manner, by the following experiment; Take a 
vessel AB, (fig. 1, pi. 1.) suppose it to be a glass jar, that the 
experiment may be seen more agreeably, and pour into it a 
quantity of water. Place a glass tube KL, about the same 
length as the iar, or a little longer, upon a brass plate, the 
diameter of which should be rather more than that of the 
tube. The plate and the bottom of the tube must be ground 
very true, like the receivers and plates used in pneumatical 
experiments; so that water might be retained in the tube, if 
held down upon the plate by a slight pressure to prevent its 
removal. Fix a string t W, to the centre of the plate, and at 
I the top of the tube make use of this string, to hold the plate 
to its bottom. In this state immerse the tube and plate in 
the jar of water, AB, till the plate is below the surface of the 
water at least about ten times its thickness. While still 
holding the tube with one hand, let go the string W, when it 
will be found that the plate will not fall off, because it is 
i|upported by the upward pressure of the water, which has 
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only access to one side of it. The upward pressure upon the 
plate, is produced by the pressure of the column of water 
surrounding the tube above the level of the plate; it there¬ 
fore increases with the depth to which the tube is pushed 
down. On j>ouring water iuto the tube, the plate will be 
separated, and sink to the bottom, if the plate were of the 
same weight as an equal bulk of water, the water required to 
separate it, if not poured in so as to act by its velocity, must 
be sufficient to attain the same height in the tube as in the 
jar AB; but as the plate is heavier than an equal bulk of 
water, a quantity of water less by this excess, will suffice. 
If lead, gold, or any metal heavier than brass, be used, it will 
require to be sunk further, before it is supported ; and ligiiter 
bodies will not require to be sunk so far. 

To the preceding erperiment, which exhibits the hydro- 
statical method of causing metals to swim, may be added 
another, in which w'ood and other bodies lighter than water 
refuse to sw im. Take two pieces of wood, planed so perfectly 
fiat, that when put together no water can get between them; 
cement one of them to the bottom of a jar, or any vessel 
capable of holding water; place the other piece upon the one 
thus cemented down, the two flat faces being of course in 
contact. Press upon the upper piece with a stick, to prevent 
its moving while the vessel is filled with water, after vshich, 
stick being withdrawn, the loose piece of wood will re- 
j^itain in its situation, as steadily as the piece cemented down, 
because it is pressed by the weight of all the water over it; 
but if it be raised, however little, at one edge, some water will 
then get under itj which being acted upon by the water above, 
will immediately press it upwards, and from its lightness it 
will speedily reach the surface. From the difficulty of mak¬ 
ing two surfaces of wood impervious to water, the experiment 
shewing this effect of fluids, is usually conducted rather differ¬ 
ently. flat brass plate is cemented to the bottom of the jar, 
or vessel to contain the water, and a similar brass plate, to 
place upon it, has a lump of cork cemented to its back, so as to 
make the brass and cork together not heavier than niost kinds 
of wood, or at most not so heavy as to prevent it from swim¬ 
ming, if laid upon the surface of water. 

A due consideration of the equal pressure of fluids, explains 
a variety of efl'ects which appear to be very extraordinary to the 
young inquirer. For example, this general proposition, which 
IS of tile most extensive application, may be deduced: that the 
pressure of a homogeneous fnid, upon any given portion oj the 
interior of a vessel containing it, is equal to the weight oJ a 
column of that fuid, which has (he ghen portion in question fo 
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its ba$e, tmd the vert$eai exteMsion of thejluid above it, for 1/5 
altitude. By this rale it appears, that none but a veasel of equal 
breadth io erery horizontal line, can have neither more nor less 
than the whole weight of ita fluid contents pressing upon its 
bottom. If a vessel RS, flg. 2, pi. I, in the form of a truncated 
cone, with its bottom at its smaller end, contain water, the 
horizontal bottom of the vessel snstains no more weight Uian 
that of a column of fluid eoual to its area, and in heigbt equal 
to the depth of the fluid; the column snstained by tlie buttoui 
of such a vessel as represented in the figure, is therefore no 
more than what would press upon the bottom of a vessel Y, 
lig. 3, the perpendicular height of the water in each vessel 
being the same. This rule holds, whatever may be tlie difler- 
ence between such a column and the remaining contents of the 
veMel. But suppose the figure of the vessel to be reversed, as 
in 6g. 4, the pressure on the bottom CD, is as great as if the 
vessel were to the top of the same diameter, and therefore equal 
to the capacity CDLF, marked out by the dotted tines. These 
niazims, the novice generally finds it diflicult to understand, 
because they appear contradictory, and the latter seems like 
asserting that the bottom of a vessel bears more than the actual 
weight of its contents; yet they admit of incontrovertible 
proof, and the right understanding of them is essential it) a 
knowledge of hydrostatics. They will be best understood lu 
conjunction with the explanation of what is called the hydro* 
statical paradox, viz. that a quantity of fluid, however smal)# 
may be made to counterpoise a quantity, however larger To 
comprehend this, let us in the first place suppose we have a 
vessel in the form represented by fig. 5, of equal capacity in 
every part; on pouring a quantity of water into one iiinb, the 
water will rise in the other, and when left undisturbed, will 
subside at an eoual height in both. In this there is nothing 
extraordinary; tiiere is nothing, even iisvulgar estimation, to 
hioder the equality of the columns, and equal columns must 
balance each other. The centre of gravity of the whole quan¬ 
tity of fluid attains and rests at the lowest place possible; Uiis 
could not be the case, if a vessel thus uniform in its capacity, 
had not an equal weight in each limb; and an equal weight 
in each limb makes tlie level in both limbs the same. But 
take another vessel, such as represented by fig. 6: here one 
limb, NO, is very small compai^ with the other, ST, yet on 
' fioufing water into either tube, it rises in the opposite one, and 
on being allowed to rest, it remains at the same height in the 
broad aa in the narrow side; therefore the water in the small 
tube NQ, babneea the column contained in the large one: and 
the aaoie reanlt would be obtained, whatever were the disparity 
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of the two capac'itie». tiad the snuill limb been inclined in the 
position ()V, the quantity of water in it would have been 
greater, because longer, but still each column would have had 
the same level. It is in this way that water always rises to its 
level. Here, as in the former case, with the vessel fig. 5, the 
centre of gravity attains the lowest place possible; but this 
could not happen, it the water in the large limb pressed that 
in the other hif^her than itself. Suppose the area oi the column 
in the limb MO, to be one square inch, and the area of the 
other (>(i square inches, then if the water in the limb ST were 
raised one inch, as by the pressure of a piston, that in the 
other would be depressed (i(> inches, and vice versa. This is a 
proof that the momentum of the water in each limb is the 
same; and bodies having equal momenta, however unequal 
their quantities of matter, must halance each other. When a 
solid body is impressed, the force must be sufficient to over¬ 
come the whole momentum of the body, or it will not move; but 
that such is not the case with a fluid, a variety of familiar in¬ 
stances might be adduced to prove ; for example, wdien a but¬ 
ler taps a barrel, tlie force which he requires is not what would 
be necessary to push out of the way a solid body equal in 
weight to the contents of the iiarrel, but only so much as w ould 
be* necessary to move a body equal to a column of water, of 
the diameter of tlio cork, and extending to the top of the fluid. 
If the force be equal to this, it is enough, and diffuses itself 
through the whole fluid. Considering the subject in tins point 
of view, it must be evident, that the pressure at e, is no more 
than what it woulii be if the limb ST were of the same size as 
NO, the whole of the fluid, except at the open part, being 
supported by the bottom; therefore the eft'ect must be the 
same as if the diameters of the columns of the water were 
«qiial, and they will necessarily have the same level. The pres¬ 
sure of fluids in this way may be shewn in a variety of forms. 
For example, to a cylindrical vessel FG, fig. 7, plate I, fix a 
piston L, which may be a circular piece of wood covered on 
the edge with leather, to make it water-tight. In the centre, 
or any other part of the piston, fix a tube LM, which must 
pass through the piston. Now fill the vessel FG with water, 
upon which place the piston with the tube. Then if the pis¬ 
ton be loaded with any weight, for example, with one pound, 
the water in the vessel will be depressed, but it will at the 
same instant rise in the tube, suppose to H. If the piston 
be loaded with another pound, the water in the small tube 

will rise still higher, as to M, and every addition of weight 
will produce a proportionate effect. Here it is evident that 
a few grains of water sustain as much as the weiglit of a 
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column of water, whose base is equalTo the diameter of the 
vessel FG, and its height equal to that in the tube. Thus the 
column LH, produces a pressure in the water contained in the 
vessel, equal to what would have been produced by the column 
acbd; and as this pressure is exerted every way equally, the 
piston will be pressed upwards with a force corresponding to the 
weight of a column equal to the bulk of a c 61 /, consequently 
if a c6 d would weigh a pound, Lll will sustain a pound : at 
least such is the estimate in theory, and tlie only deviation 
from it in practice is occasioned by friction. 

When a machine is constructed expressly for the purpose 
of shewing, in the most striking manner, that the pressure of 
fluids is as fheir perpendicular heights, and that a quantity, 
however small, may be made to support a weight, or another 
quantity, however large, it is generally made in the form of 
what is called the hydro&tatnal bellows. This machine is 
represented by fig. 8; it consists of two circular boards, sup¬ 
pose about twenty inches in diameter; these boards are con¬ 
nected by means of strong leather, wliich entirely surrounds 
them, and permits them to open and close like a pair of 
common bellows, with this difference, that they open equally 
all round, and therefore the boards always remain parallel 
to one another. The leather, at its junctures, is well secured, 
and the whole machine is water-tight. In the upper board 
is fixed a pipe W, communicating with the interior, and 
reaching above to a considerable height, suppose five feet. 
Through this pipe let some water be poured into the bellows, 
and the upper board will be observed to rise a little; place 
a weight of 100 pounds upon it, pour in more water, and it 
will be found no obstruction to its rising further ; increase 
the weight to 300 pounds, and the pressure of the water in 
the tube will overbalance the whole; add water, till the 
leathers are at their utmost extension; the water will then 
fill in the tube, and the upper board cannot be depressed, nor 
the water forced out of the small tube, until the pressure upon 
it is more than that of a column of water, whose diameter is 
equal to that of the interior of the bellows, and its height 
eoual to that in the tube; by increasing therefore the length 
or the tube, a most enormous weight might be raised by 
the pressure of a few ounces of water. The effect appears 
wonderful, and disproportionate to the cause; to the cause 
we must therefore.now advert. In reference to ^gs. 5 and 6, 
it has been shein^h, that both equal and unequal columns 
of water, by thcT'regular law of gravitation, must balance 
each other; and that therefore, in such vessels, the water at¬ 
tains the same lejel in each limb: the admission of the reasons 




79 


HVnilOSTATICS AND n 


I 


DKAULfCS. 


H)'drotlalici. 


Presiare of floidv. 


proving this, is all that is necessary to the explanation of the 
efiects of the bellows. Suppose a hole to be made in any part 
of the upper board, as at f, and another tube to be inserted 
there; tne water would certainly rise, as in the vessels figs. 5 
and 0, to the same level in them both, and supposing the board 
to be filled with tubes, the water would attain the same level 
in them all, because any two pipes would in fact form a vessel 
like fig. 5 or 6, according as the tubes were equal or unequal. 
Suppose a hole at f. to be of the same diameter as the interior of 
the tube, and fitted with a piston; then if the tube contained 
two ounces of water, the piston would sustain a weight of two 
ounces, without being depressed. If the area of the hole were 
twice that of the bore of the tube, two ounces in the tube would 
sustain four ounces on the piston. In this manner, every part 
equal to the bore of the tube is pressed upwards with a force 
equal to the weight of fluid in the tube. Hence if the propor¬ 
tion subsisting between the area of the interior of the tube 
and that of the bellows be multiplied by the weight of water 
in the tube, the product will express the force with which the 
boards are separated. Tlius suppose the area of the board to 
be 300 inches, and that of the tube to be a quarter of an inch, 
they will be to one another as 1200 to 1, and supposing the 
tube to be long enough to contain 4 ounces of water, 1200x 
4=4800 ounces, or 300 pounds, for the weight which four 
ounces of water will support when thus applied. 

It will probably be understood, that an equal bulk of any 
fluid denser than water, such as mercury, would with this ma¬ 
chine produce a greater eftect; and any rare fluid, such as 
spirit of wine, not so great an eflect. 

A man, standing upon the upper board of the hydrostatic 
bellows, may, by blowing into the tube, condense the air suf¬ 
ficiently to raise himself up, and by having a stop-cock near 
the top of the tube, to prevent the egress ofthe air thus forced 
in, he will continue to be supported as long as he may chuse. 

On the disposition of water to press upwards to the level of 
its source, depends the existence of springs, which always 
originate in higher situations than those in which they are 
found. Of this property, the ancients appear not to have been 
aware. -When tney had water to convey from one hill to ano¬ 
ther, as from P to Y, fig. 9, though Y is lower than P, they 
were at the expense of constructing an immense aqueduct to 
cross the valley in a right line from the source, without re¬ 
flecting how commodiously the same object might be effected 
by a pipe conveyed in the direction m n o, either to the hill Y, 
or to another still more distant, if not higher than P, by a con¬ 
tinuation of the pipe. 

30.—VoL. II. b 
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The pressure of water being as its perpendicular height, it 
becomes necessary to guard against its effects in the con 
struction of canals and other reservoirs; for when a column of 
water insinuates itself under a bank, if its upward pressure ex¬ 
ceed the resistance of the weight upon it, which might fre¬ 
quently happen, the bank will be destroyed. Such accidents 
sometimes occur, and appear like the effects of gunpowder’; 
they are guarded against by lining the bottoms of the reservoir 
with clay, or some material impervious to water. 


Of Specific Gravities. 

The expression “specific gravity,” is of frequent recurrence 
in scientific works; the explanation of it, and the method of 
determining the specific gravity of any body, forms an im¬ 
portant branch of hydrostatics. 

The specific gravity of a body is simply the expression of its 
weight, when compared with an equal bulk of distilled water. 
For example, the specific gravity of gold is to the specific gra¬ 
vity of water as 19 to 1; the meaning of which is, that a given 
magnitude of gold, for example a cubic inch, will weigh 19 
times as much as the water that could be contained in a ves¬ 
sel, the capacity of which is precisely equal to one cubic inch. 
It has generally been agreed to reckon the specific gravity of 
water at unity, or 1, which may be considered as one ounce, 
one pound, or any other quantity once told, as it is in all cases 
an equal bulk of the different body that is to be compared with 
it; wnen, therefore, the specific gravity of the body is less than 
that of water, it is usually denoted by a decimal, to shew how 
many parts of a thousand it amounts to; thus if the specific 
gravity of water be 1, and the specific gravity of corkwood be 
.240, It signifies that if any quantity of water vvere divided 
into 1000 parts, an equal bulk of corkwood, if weighed in the 
air, will balance 240 of such parts. 

TTie specific gravities of bodies might be obtained by com¬ 
paring tnem with the weight of ecjual magnitudes of any ho¬ 
mogeneous fluid as properly as with water; but as every dif¬ 
ference in the density or the fluid would give different results, 
and as it is a source of great convenience to have a common 
standard of reference; as also water can be obtained in every 
<^uiitry, and when distilled, is every-where of the same spe¬ 
cific gravity, at equal temperatures, no fluid is better calcu¬ 
lated to answer the purpose designed. Rain-water is almost 
equally pare, and will therefore ^swer almost equally as well 
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as distilled water, for taking specific gravities, especially if 
collected in the country. 

When a solid body is wholly immersed in a fluid, as the 
fluid presses upon and touches at every point, it is evident that 
the quantity ot fluid displaced, must be precisely equal to the 
bulk of the body immersed in it; consequently it follows that 
the greater the density of the body, that is, the greater its 
weight for its bulk, the less will be the quantity of fluid which 
any given weight of it can displace. This may easily be proved, 
by filling a basin or any other vessel to the brim with water, 
wetting the edge of the basin, that the water may not fill it 
above its brim; then, on putting any insoluble body into the 
water, it will be found that the quantity of water driven 
over, is exactly equal to the bulk immersed ; hence if the 
body sink, the water displaced is equal to its whole bulk; 
if it .swim, the water displaced is equal only to the bulk of 
so much of it as remains below the surface of the water in 
the basin. 

When a body sinks in a fluid, of its own accord, it is because 
of its being heavier than an equal bulk of that fluid ; in con¬ 
sequence of which it overcomes the upward pressure by which 
it IS opposed ; this upward pressure supposing the fluid to be 
water, is equal only to its bulk of that fluid, and therefore, 
after deducting the weight of its bulk of water, the remainder 
is the force with w hich it sinks. Thus if the weight of a body 
be three ounces, and tlic weight of its bulk of water be one 
ounce, it will sink in w’ater with a weight of two ounces. This 
accounts for the ditfereiit degrees of rapidity with which dif¬ 
ferent bodies sink. It is obvious that the cause why bodies 
swim in fluids, must be the converse of that which causes them 
to sink, VIZ. they are lighter than an equal bulk of the fluid ; 
and the force which is required to sink a swimming body, must 
in all cases he such as to make it press upon the water, so as 
to be rather more than an equipoise for its bulk of that fluid. 
If a body be just equal to its weight of any fluid, it will remain 
at rest in any part of the fluid. 

From the verified remark made above, that the force with 
which a boily sinks in water is less than what it weighs in the 
open air by the weight of its bulk of water, this hydrostatical 
axiom is plainly deducible, ifiai even/ hodi/ immersed in water, 
or any other Jinid, loses Just so much of its weight, as equals the 
weight of an equal bulk of the water or other f aid. A know¬ 
ledge of this truth often renders tlie most admirable assistance, 
in detecting the identity of substances, when all other charac¬ 
teristics, that can be conveniently resorted to, prove ineflec- 
tual; (d this a memorable example and fllustration, imraedi- 
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ately resulted from its lint discovery, wbich happened in the 
following manner. 

Hiero, king of Syracuse, who Nourished about 200 years 
before the birth of Christ, employed an artist to make him 
a regal crown of gold, and furnished a sufficient quantity 
of pure metal for that purpose. When the crown was nnished, 
its weight was found to equal that of the gold delivered for 
it, yet the king suspected an adulteration. He applied to the 
celebrated Archimedes for the means of detecting the amount 
of the fraud; this philosopher could not for some time arrive 
at any satisfactory conclusion, but at length an accidental 
observation which he made, reminded him of the means he 
might employ. When stepping one day into a bath, he took 
notice that the water rose in proportion to the quantity of his 
body immersed in it; and immediately redecting that a body 
of equal bulk with himself would raise the water in the same 
degree, though a body of equal weight, but not of equal bulk, 
would not raise it so much, he became instantly alive to all 
the conseq^uences of this reasoning, and in the ecstasy of the 
moment, lorgetting his clothes, he ran into the streets of 
Syracuse, exclaiming, I have found it! 1 have found it!" 
He forthwith took masses of metal, each of them equal in 
weight to the crown, but one of them was of pure gold, the 
other of silver. These he separately let down into a vessel 
containing water, the rising ot which, by the alternate immer¬ 
sion of the masses, could easily be determined by measure. 
He found that the silver displaced a greater quantity of water 
than its weight of gold; he then tried the crown, and found 
that it displaced more water than its weight of gold, but not 
so much as its weight of silver. By these means he discovered 
that the crown was not made of pure gold, and by comparing 
bis observations on the bulk of water displaced by the crown, 
the gold, and the silver, he discovered the quantity of gold the 
crown actually contained. 

As whatever weight a body is found to 'lose, on being 
weighed while suspended in water, is the same as the weight 
of ar quantity of water equal to its bulk ; hence to obtain spe¬ 
cific ipravities, it is not necessary to reduce.solids to any given 
size, in order to compare them by measurement, but they are 
taken of any size or figure, and weighed first in air and tlien 
in water, by means of an instrument called a hydrostatic 
iance. This instrument is represented by fig. 10, plate I, and 
diffeni from a common balance chiefly in having a small hook 
, under one of its scales; from this hook are suspended, by 
means of a horse*bair, a thread of silk, die. the dilFerent bodies 
to be tried, so that they may be immersed in water without 
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wetting the scale. To adjust the weight with more facility, a 
stand is placed under the scale B, which may be made to touch 
the stand, or be raised above it, by turning the small milled 
head of a pinion at the upper part of the stem which supports 
the instrument; this pinion acting upon a rack. These balances 
are furnished by the mathematical instmment'makers, neatly 
made up in the most compact form, with the various requisites 
necessary in the course of using them; the experimenter should, 
in particular, have an accurate set of weights; a glass jar, F, 
about seven or eight inches high, which is to contain the dis> 
tilled or rain water; a solid glass ball, M, or a glass bulb con¬ 
taining some mercury or other heavy body to make its weight 
about equal to that of a solid glass globe, the diameter of it 
to be from one inch to an inch and a half, and a bit of fine 
platina wire, about three inches long, should be affixed to it; 
it may be most conveniently made of some weight expressed 
in round numbers of grains: a small glass bucket, L, with a 
glass handle; two or three small phials, as shewn at K, wide 
at the mouth, in order that they may be easily filled, emptied, 
or cleaned ; and a common thermometer, Q, that the tempera¬ 
ture a<t the time of experiment may always be noted ; a pre¬ 
caution which the exactness of modern philosophers renders 
indispensable to the value of an experiment, although it was 
formerly but little legarded. 

. To obtain the specific gravity of a single article, a common 
balance and weights will answer, and the horse-hair from 
which it is suspended may pass over tlie scale; but balances 
employed for precise and regular use, should at least turn with 
the 20,()00th part of the weight contained in each scale; and 
the kind of weights adopted is not a matter of indifference; it 
is by far the most convenient to have them all of one denomi¬ 
nation, and if this plan be adopted, the smallest denomination 
in use will be the most suitable, viz. grains. Demonstrations 
have been given of the smallest number of weights which will 
suffice for any weight within certain limits; but these are cal¬ 
culated to serve practical men but little; they cannot be sup¬ 
posed to have leisure for that nicety of selection which would 
be requisite if they were provided only with the smallest num¬ 
ber of weights that woukl suffice ; but require such a number 
as may comport in the highest degree with accuracy and ex¬ 
pedition. “ The error of adjustment,” observes Nicholson, “ is 
the least possible, when only one weight is in the scale; that 
is, a single weight of five grains is twice as likely to be true, 
as two weights, one of three, and the other of two grains, put 
into the dish to supply the place of the single five, because 
each of these last has its own probability of error in adjustment. 
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But since it is as inconsistent with convenience, to provide a 
single weight, as it would be to have a single character for 
every number, and as we have nine characters which we use in 
rotation, to.express higher values according to their position, 
it will be found very serviceable to make the set of weights 
correspond with our numerical system. This directs us to the 
set of weights as follows : 1000 grains, 900 gr. 800 gr. 700 gr, 
COO gr. 600 gr. 400 gr. 300 gr. 200 gr. 100 gr. 90 gr. 80 gr. 
70 gr. 60 gr. 50 gr. 40 gr. 30 gr. 20 gr. 10 gr. 9 gr. 8 gr. 
7 gr. 6 gr. 5 gr. 4 gr. 3 gr. 2 gr. 1 gr. O-fOths of a gr. 8-10 gr. 
7-10 gr. 6-10 gr. 5-10 gr. 4-10 gr, 3-10 gr. 2-10 gr. 1-10 gr, 
9-100 gr. 8-100 gr. 7-100 gr. 6-100 gr. 5-100 gr. 4-100 gr. 
3-100 gr. 2-100 gr. 1-100 gr. With these the philosopher will 
always hhve the same number of weights in his scales as there 
are figures in the number expressing the weights in grains. 
Thus 742,5 grains will be weighed by the weights 700, 40, 2, 
and 5-lOths.” 

The procedure to be adopted, in obtaining specific gravities, 
varies a little with the nature of the substance which is the ob¬ 
ject of the experiment. To these cases we shall now advert. 

— • 

Jb obtain the Specific Gravity of Bodies which sink and are 

insoluble in Water. 

Suspend the body from the hook under the scale A, fig. 10, 
by means of a horse-hair, or any slender thread that will sup- 

f iort it, and let it hang at the distance of five or six inches be- 
ow the scale. Then let it be exactly counterjjoised by weights 
put into the scale B, as in all ordinary weighing, when its 
weight in air has been ascertained, immerse it in water, with 
which, to be in readiness, the jar F has been previously almost 
filled, and the equilibrium of the beam will be immediately 
destroyed. Then if as much weight be put into the scale A, 
from which the body hangs, as will restore the equilibrium ; 
or if as much weight be removed from the scale B as will pro¬ 
duce the same effect, the weight thus added or subtracted, will 
be equal to the weight of a quantity of water as large as the 
body immersed ; ana if the weight of the body in air be divided 
by what it loses in water, the quotient will shew how much 
that body is heavier than its bulk of water. Thus, if a guinea, 
suspended in air, be counterbalanced by 129 grains in the op¬ 
posite scale of the balance, and then, upon its being immersed 
in water, it becomes so much lighter as to require grains 
Ipt into the scale ovet it, or taken out of the opposite scale, to 
restore the equilibrium, it shews that a quantity of water, equal 
in bulk to the guinea, weighs 7| grains, or 7.25; by this sum 
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divide 129, the weight of the guinea in air, and the quotient 
will be 17.793, which shews that the guinea is 17.793 times as 
heavy as its bulk of water. In the same manner as the specific 
gravity of pure g;old is known, any piece of gold may be tried; 
and if, upon dividing the weight in air by the loss in water, the 
quotient proves to be 17.793, or nearly so, the gold is good, as 
some alloy is always added to it, that it may be harder, and 
fitter to bear the attrition it is subject to in the course of cir¬ 
culation; if the quotient be 18, or between 18 and 19, the gold 
is very fine; but if it be less than 17, it contains too large a 
jiroportion of some inferior metal. 

By thus weighing a body in air, then in water, and dividing 
the weight in air by the loss in water, the specific gravities of 
all bodies that sink and are insoluble in water, may easily be 
ascertained, provided they be of a proper size and figure to be 
fastened by a hair or thread. But when the body is in the 
state of filings, grains, or pieces too small to be separately 
fastened, the glass-bucket L, fig. 10, may be made use of. 
Attach the bucket by a hair, to the hook of the scale; find its 
weight in air while empty; then put into it the substance 
whose specific gravity is to be found, and weigh it again ; when 
the weight of the bucket by itself has been subtracted from its 
weight when loaded, the remainder will, of course, shew the 
neat weight of the substance in air. The bucket must then be 
weighed in water, both loaded and empty, and its weight, in 
the latter case, deducted from that in the former. Having 
thus obtained the weight of the substance alone, both in air 
and water, the case becomes the same as if the intervention of 
the bucket had not been required ; viz. the weight in air must 
be divided by the weight lost in water, and the product will 
be the specific gravity sought. 

To obtain the Speeijic Gravity of Bodies that swim in water. 

When the specific gravity of wood, and other bodies lighter 
than water, is to be discovered, it is necessary to sink them by 
the assistance of lead or any other substance of sufficient den¬ 
sity. Suppose an adequate piece of lead to be provided for 
this purpose, ascertain its weight in water, and the weight in 
air of the body it is employed to sink; then tie together both 
the lead and the body whose specific gravity is to be found, 
and weigh them in that state in water; the joint weight will be 
less than that of the lead alone, because the lead is buoyed up 
by the lighter body. Add the weight which the lead loses in 
water, when accompanied by the lighter body, to the weight 
of the lighter body in air, and this sum will be the weight of a 
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quantity of water equal in bulk to the lighter body; then 
divide this product by the weight of the lighter body in air, 
and the specific gravity required will be the quotient. 

As wood, and many other substances, the specific gravities 
of which are sought, are porous aiui apt to imbibe water, which 
might affect the result, it is proper to give them a coat of var> 
nish to prevent tliat effect. 

To obtain the Specific Gravity of Salts, and other bodies 

soluble in water. 

If the substance is not already in a fine powder, reduce it tu 
that state; and then fill with it any convenient vessel, such as 
the phial K, fig. 10, and the weight of which vessel, when 
empty, has been ascertained. The substance must be level 
with the top of the vessel, after it has been pressed down as 
close as possible. From tJie weight in air of the phial thus 
filled, subtract tlie weight of the empty phial, by which the 
weight of its contents will be obtained; in the next place, take 
out the whole of the powder, and fill the phial in the same de¬ 
gree with water; weigh it again also in air, and deduct the 
weight of the phial as in the former case. Having now ob¬ 
tained the weight of equal dimensions o4’ the powder and of 
water, it only remains to discover the relation between those 
weights, which is immediately foi f dividing the weight of 
the powder by the weight of the ; thus, if the salt weigh 

60 grains, and the water 48, the --60=1.20, tlie specific 

gravity desired. 

To obtain the Specific Gravities of Fluids. 

The specific gravity of a fluid may be obtained in the same 
manner as the specific gravity of a salt, viz. by noting the 
weight of a given measure of it, and the weight of the same 
measure of water, then dividing the former by the latter, and 
the quotient will be the answer. In order to fill a phial accu¬ 
rately with fluids, particularly corrosive acids, it is advisable 
to have a glass stopper to it, with a very small channel on one 
aide; the phial being filled, and the stopper put in, the super¬ 
fluous fluid escapes up the channel, where it may easily be 
wiped off, and the phial will be left exactly full. 

Another method of finding the specific gravities of fluids, 
though not, perhaps, on the whole so accurate as the above, is 
often practised: it consists in calculations founded on the dif¬ 
ferent wei^ts which the same body will lose in different fluids. 
The body usually made and kept for this purpose, is a small 
glftst globe, M, fig. 10, with a piece of platina wire affixed to it; 
ghws and platina are selected, because there are no substances 
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( conveniently to be obtained, on which so few liquids have any 
action. The experimenter should have the weights of his 
globe, in air ana in water, accurately noted down. To have 
these ready for reference, he will find very convenient. Let 
him now lake the weight fo the globe in any fluid, of which 
he wishes to know the specific gravity; and divide the weight 
lost by the globe in that fluid when compared with the weight 
of the globe in air, by the weight lost in water when com- 
jiared with the weight in air: tlius suppose the glass ball to 
weigh 140 grains in air, 80 grains in water, and 86 grains in 
the fluid to be tried; as the loss in water is GO grains, and in 
the other fluid 5-1 grains, 54r-G0=0.9, the specific gravity of 
the other fluid. 

The great importance, in many cases, of obtaining the 
specific gravities of fluids, not only with accuracy but expedi¬ 
tion, has introduced several contrivances to render the use 
of the balance unnecessary. These have been distinguished 
be a variety of names and forms, but they all depend upon 
the same general principle, viz. if the same body be placed 
successively in different fluids, if its specific gravity be less 
than any of them, it will sink deepest into those which have 
the least density; therefore, as some fluids, such as distilled 
s})irits, are strong in proportion as they are light; and others, 
such as sulphuric acid, are strong in proportion as they are 
heavy; to ascertain accurately the degree in which a body 
sinks in different fluids, may, it is clear, be employed to point 
out their specific gravity. The most common instrument 
acting on this principle, is called 

The Hydrometer. 

* 

This instrument is usually made in the form represented at 
fig. 11, pi. I. It consists of a hollow ball, either of metal or 
gfass, capable of floating in any known liquid. From one 
side of the ball proceeds a short stem, W, terminating in a 
weight or small ball X, w'hich, if hollow, has a small quantity 
of mercury put into it. From the side of the ball opposite 
the stem W, proceeds another stem, FG, of an equal thick¬ 
ness throughout. The ball X is placed dowmwards in the 
fluid to be tried, and the weight it contains, serving as ballast, 
causes the stem FG to remain upright; in all cases, the weight 
of the instrument must be such that it will sink in the heaviest 
•fluid required to be tried, to some part of tlw stem FG, \yhicii 
is graduated, and serves to shew the density of the fluid by 
the depth to which it sinks in it. When this instrument is 
swimming in any fluid, the part of the fluid displaced by it 
30.-VOL. 11. M 
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as in other cases of swimming bodi€t« is equal in bulk to the 
part of the instrument under water, and equal in weight to 
the whole instrument. Kow suppose the weight of the whole 
to be 4000 grains, it is evident we can use it to compare the 
different dimensions of 4000 grains of several sorts of fluids. 
For if the weight be such as to cause the ball to sink in 
W'ater, until its surface come to Uie middle point, 20, of the 
stem; and afterwards, when immersed in some other fluid, 
the surface is observed to stand at one* tenth of an inch bi low 
the middle point, 20, it is apparent that the same we»;^ht of 
the fluid in either case, differs only in bulk, by themagmtude 
of one-tenth of an inch in the stem. Suppose the stem to be 
10 inches long, and to weigh 100 grams, then every tenth of 
an inch will weigh one grain; and if the stem be of brass, 
which is about eight times heavier than water, the same bulk 
ofwaterwill be equal to one-eighth of a grain,and consequently 
to one-eighth of x5*r.iy» tliat is, Ti-rluiith part of the whole bulk. 
When the instrument is chiefly designed for proving the 
strength of spirituous liquors, the weight of it is such that it 
sinks in proof-spirit to the middle point, 20, of the stem, 
while in alcohol it sinks to the top G, and m water the ball 
at F is only just covered : then by dividing the upjM i and 
the lower parts G 20, and F 20, into ten equal parts each, 
when the instrument is immersed in spintlious liquor, it will 
immediately shew how much it is above or below proof.— 
Proof-spirit consists of half water and half pure spirit, ot 
alcohol; and if poured out on gunpowder and set on fire, 
will all burn away, and the powder will take fire with a flash 
as in the open air ; but if the spirit be not so highly rectified, 
the pow'der will be wet, and unfit to take fire. This mode of 
trial is, however, rather ambiguous, though not quite so rnncli 
so as the mode of proving spirit by the size of the bubbles on 
its surface, after shaking it up. 

The hydrometer constructed as above, cannot have a very 
extensive range ; for if the stem be made heavy, small difler- 
finceB in density will be detected with great difficulty, and if 
it be long, it will be at the expense of portability. Another 
defect arises out of its equal divisions; for the density of 
Spirit is not always in direct proportion to its purity; thus, 
if from twenty to thirty parts of spirit are mixed with from 
seventy to eighty of water, the two fluids combine more 
intimately and occupy less space than in other proportions. 
To increase the range of the hydrometer, it has been pro- 

S os^ to change the ballast oV weight in the secondary ball, 
ut the improvement of Fahrenheit is the mc»t to be ap¬ 
prove. Fahrenheit’s hydrometer, like the common one, 
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if ifdrotUlict. Fshrenbeit’s bydroinet<>r. 

- 1 ---- 

consists of a hollow ball, with a counterpoise below, but the 
stem above is very slender, and terminates in a small dish. 
Round the middle of the stem is made a mark, which is 
merely a fine line. There are no divisions on the stem, 
which is always immersed in the fluid to be tried, up to the 
mark, by placing as much weight as may be required in the 
little dish at the top. Hence, as the part immersed is con¬ 
stantly of the same magnitude, and the w'hole weight of the 
hydrometer is known; this last weight, added to the weight 
in the dish, will be equal to the weight of fluid displaced by 
tlie instrument; and the specific gravity will be obtained by 
this rule; as the whole weight of the hydrometer and its 
load, when adjusted in distilled water, is to 1.000, so is tha 
whole weight, when adjusted in any other fluid, to a fourth 
proportional, which is the specific gravity to be ascertained. 
This instrument is much superior to the hydrometer first 
mentioned: the greatest impediment to its sensibility, arises 
from the attraction or repulsion between the surface of the 
fluid and that of the stem; so that if the instrument have 
a tendency to sink, there will be a depression of the fluid 
all round the stem; or if, on the contrary, its tendency be 
to rise, the fluid immediately surrounding the stem will be 
higher than the rest of the surface. When, however, the 
surface of the fluid is exactly flat, the reflection of any 
straight lines, as of the frame-work of a window, will not be 
distorted, and by taking notice of such reflection from the 
part surrounding the stem, the adjustment may be made to 
the fortieth or fiftieth part of a grain. Hence if the instru¬ 
ment displace one thousand grains of water, the result will be 
very true to at least four places of figures. This degres of 
accuracy renders the hydrometer equal to a good balance; 
particularly for such fluids as do not differ greatly m density • 
and it therefore suits those, for example, who have only to 
take tlie specific gravities of spirits; those who wish to obtain, 
by the use of a single instrument, the specific gravities ot 
fluids differing greatly in density, will be convinced, by a 
little experience, that the balance is the most portable and 
convenient one for their purpose. 

When the stem in Fahrenheit’s hydrometer is long, the 
weight put in the dish at the top, will sometimes render the 
instrument unsteady, and liable to be very easily overset. This 
should be provided against by making of a sufficient length 
the stem to which the counterpoise is attached; the same dis¬ 
advantage has lalso been provided against, by giving the in¬ 
strument two dishes for the reception of weights, one of which, 
for the larger weights, is situated considerablv luwpr than tlie 
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other. A very slender stem is to be preferred, as it exerts 
less attraction and repulsion than a thick one, and it should 
always be wiped clean with a linen cloth before the instru¬ 
ment IS used. 

Hydrometers are employed which are still more simple, but 
at the same time more imperfect, tiian either of the preceding: 
they consist only of a set o( glass bubbles, varying from each 
other in specific gravity at an equal rate, and extending to all 
degrees required above and below a certain standard. If one 
of these bubbles be put into any liquid, and is observed either 
to swim or to sink in li, anotlier is tried, until at length one 
is found, which has no disposition either to sink or swim, 
but which will remain at re.st in any pait of the fluid: this 
bubble is of the same specific giavity as the fluid itself; and 
as the strength of the liquor corresponding to it iii specific, 
gravity is marked upon it, the operation is finished. The use 
of these hydrometers is nearly confined to the trying of 
spirits; for most other purposes, the set must be so numerous 
that they would be very mconvenient. 

General Rentarh:, an hiking Sinujic Gmcttny. 

As all bodies vary in tlieir dimensions with a change m 
their temperature, it follows that they mil not at all times 
have the same specific gravity, and if no legard be paid to 
this circumstance, results diti’eriiig more or less will certainly 
be obtained. Extensive dealers in spirits have taken the pre¬ 
caution of purchasing only in very cold weatlier, when the bulk 
of that liquid is at the least, and of selling chiefly in summer, 
when its bulk is greatest. It lias been found by experiment, 
that the fifth decimal figure changes at almost every degr.'te 
of Fahrenheit’s thermometer. Philosophers are therefore 
accustomed to note the temperature at which they operate, 
or, which is still better, they obtain a temperature of which 
experience has confirmed the general advantage. For tins 
purpose, 00 degrees of Fahrenheit appears most entitled to 
regard, as having been the mo.st commonly used, and the most 
usual in apartments. The water used may be brought to this 
temperature by additions of the same fluid in a warm or cold 
state, and the body to be weighed in it should be exposed for 
a sufficient time in an apartment or atmosphere heated in the 
same degree. Fluids in a phial may be warmed by grasping 
the phial in the hand fora short time, and small solids may 
have their temperature rai.sed in a similar manner. 

In taking specific gravities, when water is used or men¬ 
tioned, it is meant, not only that it should be distilled or rain¬ 
water, bat that it should be free from all impurities. 
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When solids are weighed in water, they should be freed 
from the air-bubbles adhering to them, and should be without 
crevices, in order that the water may have free access to their 
surfaces in all directions. 

When a varnish of any kind is laid over a substance, to 
prevent it from absorbing water, some allowance should be 
made for such addition, unless, besides its being exceedingly 
thin, it agrees nearly fn specific gravity with that of the sub¬ 
stance It covers. 


Table of Specific Gravities. 

A correct table of specific gravities would be a valuable 
present to the jiublic ; but the discordance among such at 
present existing as embrace a great variety of bodies, is very 
considerable. This has arisen, sometimes from the variable 
nature of the substances enumerated ; sometimes because the 
lesults have been taken by ditferent persons, at different 
temperatures, and sometimes from the different degrees 
of correctness in the balances used. Under these circum¬ 
stance-:, all that can be done, is, to state the result which 
has ihe best and most numerous authorities in its favour, 
and when different specimens of the same substance are, 
inde{.en(lent of all enors in weighing, evidently difterent 
in their specifie gra\ itv, to state tlie extremes, at one of whicli, 
or between them, the specific gravity of any specimen has 
aluavs been found. 

By means of a table of specific gravities, the real weight 
of a body mentioned in it, may be ascertained without weigh¬ 
ing it, provided its dimensions are known, and the real weight 
of a given bulk of any substance in the table is also known, 
l-or example, a cubic inch of water, at the temperature of 60 
degrees, weighs 'J.V2.576 grains troy; therefore multiply 
202.376 by the number of cubic inches in the body whose 
weight is to be estimated, and that product multiplied by the 
specific gravity of the body, will give the weight desired. 
Thus if It be required to know the weight of forty cubic 
inebt’S of beech wood, 232.576x40—10103.040, and this num¬ 
ber multiplied by 0.832, the specific gravity of beech wood, 
= Hfi07.790080. the weight of 40 cubic inches of beech wood 
in grains, w’hich may easily be reduced to any other denomi¬ 
nation. 

Platina, the first article enumerated in the following tabic, 
IS tlic heaviest body known to exist; and has deprived gold of 
the first rank in point of weight, which, ])revious to the dis¬ 
covery of this metal, about the middle of last century, had 
alwavi; been considered one of its essential characteristics. 
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Apprcliensions were at one time entertained, that plutiiui 
might be successfully used to adulterate gold: fur if gold 
wesc mixed in certain proportions with plutina, vnIucIi is 
heavier, and cojiper, which is lighter than itself, the alloy 
might have the real size, and therefore the specihc gravity of 
standard gold, and a guinea made ot this alloy could not be 
detected hyilrostatically, which wouhl otheiwise have bei'ii 
an infallible test ; but it has been found that gold alloyed with 
platina, in any pioporhon that would sei\t* the purposes ot 
traud, IS so debased in colour, that its iiiipuiity is ob\nms to 
the eye. 


Platina, in grains, as it comes from the mine, la.IilH) to l/.'Joo 


purihed and forged. • ‘JD.ddt) 

laminated bypassing tliromjh rollers • 

Gold, pure, cast hut not hammered. • ll>.‘J.')8 

hammered. • l!i.;lnJ 

of the I'higiish guinea. • IT.bilt 

Mercury, at degrees of heat,. • libtil'J 

at (ii) ditto. • bboNO 

at 212 ditto. • bboTo 

Silver, pure, cast . • lO.-lTd 

liamraered. • lO.oll 

standard, containing 11 oz. 2 dwt. of jnire sil- i 
ver in the pound troy, after fusion. S 


Bismuth. 

Kickel, the purest. 

sulphurated. 

Copper, cast. 

Brass vanes with the [iroportions of its i 

component parts, from.5 

Iron, cast. 

bar. 

Steel, soft and not hammered.. 

hardened in water.. 

Cobalt, in the metallic state, cast. 

Tin, purest Coimsh, cast. 

hammered ... 


Ib7.)b to ibH22 
7.0l)(» to b.lXKI 
().<)20 
7.7KH to 8.H7H 

7.b0() to 8.80(1 

7.2(17 
7.78H 
7.8:{d 
7.8l(i 
7.645 to 7.811 
7.170 to 7.201 
7.200 


Malacca, cast. 

hammered.... 

Zinc, cast. 

Manganese, in a metallic state 
Antimony, in a metallic state 
Arsenic, in the metallic state 


7.206 
7.306 
7.100 
6.850 to 6.000 
6.624 to 6.860 
8.310 
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Table of Kpeaific |;ravitiek. 


Tungsten, ot a gray colour. 

of a brown colour. 

Ill a inctalljc state • • • • • • • • 

Tellurium... 

IMolvbiiena. 

Titanite .. 

IManaclr.uiite. 

Zneon earth. 

iluby, oriental• • • .. 

Brazilian. 

('liryso)ile.... 

Tujiaz, oriental • • • .. 

Brazilian. 

from Saxony. 

(larnet, oriental, carbuncle. 

common . 

volcanic . 

Aerated barytes. 

Barest Unilc;. 

t'orumlum Mtone, or adamantine spar 

Slrontian earth. 

Diamond, oriental, colourless. 

1ose-coloured ••• 
orange-coloured • 
green-coloured •• 
blue-coloured ••• 

Brazilian. 

Sapphire, oriental. 

Brazilian. 

Hyacintli. 

Granites. 

Toilated limestone . 

Compact limestone. 

Chalk . 

Hock crystal, colouiless. 

rose-coloured. 

Quartz. 

Amethyst .*. 

Emerald... 

Beryl... 

Icelandic agate... 

Kubellite, or red schorl of Siberia...» 

Schorl... 

Schorlite . 


Spec. Grar. 

.. 5.800 to 0.028 
.. .5 670 

. 17.G00 

. 0.11.7 

.. 7.500 to 8.000 
. 4.180 

. 4.427 

- 4.410 
4.283 

. 3.531 

.. 3.340 to 4.410 
. 4.011 

. 3.530 

3.504 

.. 4000 to 4.188 

. 3.800 

2.408 

. . 4.300 to 4.338 
.. 4.400 to 4.805 

• • 3.870 to 4.100 
■3.400 to 3.044 

. 3.521 

. 3.531 

.. • 3.5.70 

. 3.523 

• • • 3.o2t> 

- 3.444 
3.991 

. 3.130 

. 3.087 

.. 2.538 to 2.956 
.. 2.710 to 2.837 
.. 1.386 to 2.720 
.. 2J315 to 2.657 
.. • 2.650 

. 2.670 

.. 2.640 to 2.670 
.. • 2.655 

2.775 

.. 2.650 to 2.722 
. 2.348 

• 3.100 

2.920 to 3.212 
. 3.530 
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Spec. Grar. 

Tourmalin. 3.0o0 to 3.165 

Lapis Lazuli. 2.7(j0 to 2.945 

Opal . 1.700 to 2.118 

Chalcedony . 2.000 to 2.()06 

Carnelion . 2.697 to 2.030 

Flint . 2.680 to 2.030 

Hornstone. 2.630 to 2.063 

Jasper. 2.600 to 2.820 

Egyptian pebble . • 2.6(>4 

Heliotropium. 2.020 to 2.700 

Woodstone. 2.046 to 2.076 

Feldspar ••••.... . 2.437 to 2.000 

Labrador stone..... 2.(>70 to 2.092 

Agates . 2.6N0 to 2.(j00‘ 

Common spar . 2.()93 to 2.778 

Marble . • 2.700 

Gypsum. 2.107 to 2.311 

Talc . 2.700 to 2.800 

Indurated steatites, before It has imbibed water • 2.583 

after imbibing water .... • 2.032 

Basaltes, from the Giant’s Causeway,.. • 2.804 

Pumice stone. • 0.914 

Asphaltum, cohesive . 1.4.00 to 2.0()0 

compact. 1.070 to 1.1 (i.> 

Plumbago (blacK lead) . 1.987 to 2.089 

Sulphur, native. • 2.033 

fused . • 1.990 

Pit-coal. 1.400 to 1.650 

Mineral tallow . • 0.770 

Amber . 1.078 to 1.080 

Glass, white flint, English. 3.290 to 3.300 

for achromatic telescopes • 3.437 

crown. . 2.520 

common plate . . 2.760 

yellow plate . • 2.620 

white, or crystal, of France. • 2.892 

Porcelain, China. • 2.384 

Sieves. * 2.146 

from Saxony . • 2.493 

Copal.-i..... 1.045 to 1.061 

An^orgris.*. ...i* . 0.780 to0.926 

pjiofphbrus . • 1.714 

Cootimon Rosin. *. 1 -072 

dSandarac ... • E092 
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.Mastic..... 

Storax..*. 

Elemi 

Omn lac.... 

Caciitchouc, or Isdiaa rtbber 

Camphor. ... 

Gum Ammoniac.. 

Myrrh... 

Gamboge... 

Gum Arabic .. 

tragacauth.. 

Inspissated juice of liquorice .. 

Opium. 

Indigo. 

Amotto... 

Bees* wax, yellow ............ 

white.. 

Spermaceti.. 

Honey... 

Fat of beef, veal, mutton, fcc... 

Talloww.... 

Dry ivory.. 

Wood, heart of ocdc, GO years old 

Dry oak ... 

Ebony.... 

Trunk of -elm.......... 

ash .. 

Beech .• 

Aider-*.... 

Maple .4.............. 

Walnut. 

Willow... 

Fir.-. 

Poplar.. • • 

White Spanish po|lar .. 

■ 'Apple-tree,......f4^..** 

Pium*.trce 

.. *'* 

“ ^ .. 




..... ,''i' " 


81.- 


Pi'i'i.... 

,yi‘’ •, '' 

. 4 . 

• . 41,*;. . • •'i**'* * . • • • 

.. vlfe' *•** 

f N 


Speo. Gimv. 

1J974 
1.109 
1.019 
1.189 
0.938 
0988 
1907 
1900 
1.221 
1.452 
1.316 
1.722 
1.336 
0.769 
0.595 
0.965 
0.958 
0.943 
1.450 
0923 to 0.948 
J42 
1.825 
1.170 
0.925 
1.11T 
0.671 
0.845 
0.852 
0.800 
0.756 
0.671 
iOJ)85 

0498 40 0.650 
. ,0.383 
0.529 
0.661 
0.706 
0.716 
Oj600 
•0.912 




o:8d7 

0.660 

1.383 
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Or»T> 

Red Brazilwood........ • ixi3l« 

Logwood..0.913 

Co»wood ....... . • 0j340 

Distilled, or ram-water, at 60’° Fahreolieit. • • • • 1.000 

Bea-water *. 1.026 

\Vat»of4he Dead sea........ • 1.240 

Naphtha.... * 0.847 

Petroleom. .... * 0.878 

Acid,salpliuiic ...... 1.841 to 2.125 

nitric....... I.272t0 1.580 

munaiic .... • 1.194 

acetous, red ...... •. 1.025 

white ... • 1.014 

distilled.................... • 1.010 

acetic... « 1.063 

Spirits, or volatile oil of turpentine.. • 0.870 

lavender. • 0.894 

cloves. • 1.036 

cinnamon... • 1.044 

Oil of olives.. . 0.916 

sweet almonds. .... • 0.917 

linseed. 0.940 


poppy-seed. 

whales. 

Milk, human.. 


mare s 
as8*s.. 


goat's... 

ewe's.... 

cow's, ..... 

Human til^od.... 

Alcohol, dr pure spirit, at 60° Fahrenheit 
Proof-spirit, according to the excise laws 

Ether, sulphuric .... • • .. 

nitric 
muriatic 

acetic ... 

Conunon air, when the baron;|| ^.-m ^ 29|, and 1 
thermometer at 60°.....I 

Asfittlogas.. 

torgen gas.. 

Hydrogen ga«... 

•acid,, gas.* • •«. 



0.929 
0.923 
1.020 
1.035 
1.036 
1.034 
1.041 
1.033 
1.054 
0.813 
0.916 
0.7396 
0.9088 
0.7296 
0.8664 

0JD01220 

0,1)01146 
1305 
1 

t.001682 



















































RTOBOfI^TICS 4^11 HTDRAVXICfii 


97 


•pMttv.fnvSitat 


Sj^st^ GravUiet ^ Mixtures of Spirit* and Distilled Water, at 

the tmperature of 60^. 


^ Spee. Grtr, 

100 ^ins df tpiritlo 5 graint of water, 0.83599 

100 

• • 

10 

a a 

.. , 0.84668 

100 

• • 

16 

a a 

0.86430 

100 

• 9 

20 

a a 

0.86208 

100 


.. ^ 25 

a a 

0 86918 

100 

• 4 

30 

a a 

.. 0.87668 

100 

9 - 

9 • 

.. 35 

a a 

0.88169 

100 

« • 

.. 40 

a a 

0.88720 

100 

• • 

.. 45 

a a 

0.89232 

100 

a • 

60 

a a 

0.89707 

100 

• • 

65 

a a 

0.90144 

100 

« a 

60 

a a 

.. 0.90549 

100 

a • * 

.. 65 

a a 

.. 0.90927 

100 

• a 

70 

a a 

.. 0.91287 

100 

• a 

75 

a a 

0.91622 

100 

a a 

80 

a a 

0.91933 

100 

a a 

85 

a a 

0.92225 

100 

a * 

.. 90 

a a 

0.92499 

100 

a • 

95 

a a 

0.92768 

100 

a a 

.. 100 

a a 

0.93002 

95 

a a 

.. 100 

a a 

0.93247 

90 

a a 

.. 100 

a a 

.. 0.93493 

85 

a a 

.. 100 

a a 

0.93749 

80 

a a ' 

.. 100 

a a 

,. 0.94018 

76 

a a 

.. 100 

a d 

0.94296 

70 

a a 

.. 100 

a a 

0.94679 

65 

a a 

.. 100 

a a 

.. 0.94876 

60 

a a 

.. 100 

a a 

0.96181 

55 

a a 

.. 100 

a a 

0.95493 

50 

a a 

.. 100 

a a 

OJ^ 
.. 0.96122 

45 

a a 

.. 100 

a a 

40 

a a 

100 

a a 

0.96437 

35 

r*. 

a • 

.. 100 

a a 

. 0.96762 

‘ 30 

.. “100 

a a 

.. 0.97074 

25 

a a 

100 

a a 

.. 0,97409 


.1..,, I ,l|■..l ^ l . n il 1 1 i - i |\iiir II l l ■l■l|' ' ^l ■' ■ ‘ n" ' " 

'*1 ^ 

• Tbe remits is fUt tdde w«r# obUiaed with ipirU, ths ipedfio frsTlty of ^ 
0J*5, u il wsB fouad ^oslt to obuia, of gmtor pority, tha qoaatity reqairad.—Vioa 
Gilpia'a tabiM» PWlaa. Tniw. for im, 17^, Md 17»L 
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t|MRi. ChMir. 

20 grains of spirit to 100 grains of water* 0.97#71 
16 •• .• 100 *. .. 0i>8176 

10 * • »• 100 * • • • 0^96664 

5 - .. 140 •. •• 0.99244 


Of the Divino Bees. 


Ths nature of the diving-bell may easily be nndorstood, by 
reflecting on the facility with which air may be retained under 
water, in veKsels open only at the bottom, because air, like 
any solid, prevents other bodies from occupying the place it 
occupies itself. Thus if we take a glass tumbler, or any simi¬ 
lar vessel, snd holding it inverted, push it vertically down¬ 
wards into water, the air h contains will not escape, and the 
water, at inconsiderable depths, will scarcely rise at ail within 
it. It is clear, that whatever .were the stae of the vessel, the 
water would in the same manner be excluded by the air; and 
as the sir is the same as that of the atmosphere, it is e<|itaUy 
clear, that in a vessel of suflicient size, men might be stationed 
without being incommoded by Bie water, as they oould breathe 
the air and live till its vital principle was exhausted. If, then, 
any means were contrived to remove the contaminated air, and 
to send down a supply of fresh, they might remain under water 
as Icmg as they chose, and if let down by a rope, to a wreck 
or to the bottom of the sea, they might perform any work of 
which the size of the vessel admitted, or to whicJi they were 
competent on land. The vessel used for this purpose, is 
called a bell, because it is made in tbe form of a trimcated 
cone, and Often resembles a bell in its genetal appearattee. It 
must he mentioned, however, that the. water, in pioporticm to 
the depth to which the bell is sunk, rises.within it, by the in- 
oreaia of its pressure, and oomprfsses the air. The. reader 
-will recollect, that a column of water about diirty-tlwee 
bight is et^ual to the pressure of the'atmosphere; at the depth, 
-iberf^fe, of thirty-three feet under water, the water ^rewsee 
into kha bell with the power of a dduble-atmosphere p and the 
air, which when at was at or eery hear die top, occupied the 
whole interior canacity, does not then ooenpy more than half 
of it, consequently the bell becomes heff fuiliFf wa^l soul at 
all greater depths the air sustains a proportionately gieath^ 
coiUpressioD, the water H thf 
goes on/lill at length it 



HrDI«)«T4T4i;S.AHJ) 99 

lIjdjMMUt^. BiAejV divinf>lMii8., 

" .. '' ' -- -- -^- 

Pr. was the ffnt person who materially improved the 

dtring'bell. He farmed ot eopper, a machine of this kind, in 
the form of a common belland weights of lead were distri¬ 
buted about the lower part, to keep it in an inverted position, 
while tbe^ rendered it at the same time specifically heavier 
than its bulk of water, and conseouently it would sink by its 
own weight. It was three feet wide at the top, five feet wide 
at the bottom, and eight feet high. In the top was a window 
made of very thick glass, and also a stop-cock, to let out the 
hot air which had been breathed ; and, within the bell a 
circular seat for the divers. This machine was let down into 
the sea from the yard-arm of a ship, with two men in it, to the 
depth of ten fathoms. To supply the divers with air, two bar¬ 
rels, of about 63 gallons each, cased with a sufficient quantity 
of lead to make them sink, were alternately sent down to them. 
The bun' 4 -hole in each barrel was left open, and kept on the 
under side, to let in the water as the air in the barrels con¬ 
densed during their descent, and to let the water out again 
when they were drawn up. To a hole in the upper side of the 
barrels, was fixed a leathern pinp, well prepared with bees’ wax 
and oil, which was long enougn to fall below the bung-hole at 
the bottom, and kept oowii by a weight in such a way that the 
air in the upper part of tho barrels could not escape, unless 
the lower ends of these pipes were first lifted up. These air- 
barrels, by means of proper tackle, were made to rise and fall 
in succession, like two buckets in a well; in their descent, 
they were directed to the divers by ropes fastened to the under 
edge of the bell, and one person held himself always in readi¬ 
ness to receive them, and by taking up the ends of the pipes 
above the surface of the water in the bell, the water by its 
pressure filled the barrels, while the air they contained rushed 
nito the upper part of the bell. As soon as one barrel was 
dischargea, at a signal given, it was drawn up, and pother 
sent down; thus a continual supply of fresh air was afforded 
to the divers, with so much ease, that two men on board the 
ship, could with less than half their strength, perform all the 
labour required. Meanwhile, as the cold wr rushed from the 
barrel into the bell, it expelled the hot air at the top, where 
the stop-cock was opened for that purpose. Dr. Halley was 
himself one five, who went down together in his bell., they 
remUindi} at^^tbe bottouii. iii a. depth of nine or ten fathoms, for 
an hourand’|i. halfi wilhout experiencing any ill effects, and 
might haw length of timi^hat they had wished. 

Tlmwiiidow4n 4cm of this beU let to so much hgh** 
when tho son she^o, awff tlm oos vias>^nr^Sedi they could read 
or wnto with esOo; ood ci^dtbi# the pebbles, or take up 
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any small obiecto Uiat happened to be at the bottom; but 
every thing tney saw appeared red, because as the red rays 
alone have power to penetrate through such a body of water, 
the objects below could reflect no other. By writing with a 
piece of sharpened iron upon small pieces of lead, which they 
sent up with the returning air-barrel, they maintained a com¬ 
munication with those above, and directed the bell to be 
moved as they desired. In misty weather, and when the sea 
was rough, it was nearly dark in the bell, and it then became 
necessary to burn a candle, which consumed as much air as 
one person. The divers, in descending with this bell, and the 
case is the same with any other, felt a pain in their ears, as if 
the end of a quill had been thrust into them. This sensation 
was owing to the pressure of the condensed air upon the tym¬ 
panum ; it went on* gradually as the air in their bodies became 
as dense as that without.—It appears by this account, that the 
pressure of a double or even threefold atmosphere is much 
more endurable, than the diminution of the orainary pressure 
to half a single atmosphere. 

Br. Halley contrived a metbpd of sending a man out of the 
bell to some distance, by means of a small bell upon his head, 
with a glass in front, and a flexible pipe communicating with 
the great bell, to convey to him a regular supply of fresh air. 

Triewald invented a diving-bell of a different form, which 
was much smaller, and less expensive, than Dr. Halley's; it 
only covered half the body of the diver, who stood upon a ring 
hanging from the bell by chains. TTiere was also a s[)iral pipe 
within the bell, by which he could always breathe the air im¬ 
mediately at the surface of the water in the bell, where it was 
cooler and fresher than at the upper part of the machine. 

Smeaton’s diving-bell was a chest of cast iron, 4^ feet in 
height, 4jJ feet in length, and three feet wide. It was intended 
for two men to work in, bad four strong glass lights at the top, 
and was supplied with fresh air by a forcing-pump. It was 
used with great success at Ramsgate. 

A. Walker, contrived a diving-bell, supplied with air by a 
forcing-pump like Smeaton^ and constructed at a very smalt 
expense. It consisted of a conical tub of wood, three feet 
diameter at the bottom, two feet and a half at the top, and 
three feet high. It was so loaded wltl^ lead at the bottom as 
just to sink in water, and had one srnaU seat for a single divert 
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air, and the vitiated air was forced out at the bottom. With 
tbit bell over him, the diver could walk about, and havq an 
eaaier access to the objects of his reaeafoh, than in the ]lfsual 
eumberaome structure. The greatest pari of the 
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from the rich ship Belgioeo was taken up by means of this 
diving-bell. 

For descending to small depths, diving-bells have been 
contrived, which have been merely a case for the body, to 
keep off the pressure of the water from the trunk, while the 
limbs were uncovered. They were supplied with fresh air 
by pipes extending to the surface. One of this description 
is‘described in the eighth volume of the Philosophical Maga¬ 
zine. 

The diving-bell of which we shall give a representation, is 
that invented by Spalding, of Edinburgh. It is a very inge¬ 
nious contrivance, and was intended to obviate the inconveni¬ 
ences which attach to Dr. Halley’s bell, and, more or less, to 
most others. 1. In Dr. Halley’s construction, the sinking or 
rising of the bell depends on the people who are at the surface 
of the water; and as the bell when in the water has a very 
considerable weight, the raising of it not only requires a 
great deal of labour, but if, by any mischance, the rope by 
which it is raised should break, every person in the bell 
would perish. 2. As there are, in many parts of the sea, 
rocks which lie at a considerable depth, the figure of which 
cannot possibly be perceived from above, some prominence 
may catch hold of the edge of the hell in its descent, and 
thus overset it before any signal can be given to those 
above; this accident would also'be destructive to the divers ; 
and as it must always be unknown before trial, what kind of 
a bottom the sea has in any place, it is plain, that without 
some contrivance to obviate this last clanger, the use of IlaU 
ley’s bell is attended with a considerable risk. The contri¬ 
vance intended to remedy these inconveniences, is shewn at 
fig. 1. pi. II. ABCD represents a section of the bell, which 
is made of wood ; ee are iron hooks, by means of which it is 
suspended by ropes, QBF e, QAE, e, and QS ; c c are iron 
hooks, to which are appended leaden weiglits, that keep the 
mouth of the bell always parallel to the surface of the water, 
whether the machine, taken altc^ether, is lighter or heavier 
than an equal bulk of water. % these weights alone, how¬ 
ever, the bell would not sink, another is therefore added, 
represented at L, and which can be raised or lowered at plea¬ 
sure, by means of a rope passing over the pulley a, and fas¬ 
tened to the sides of the bell M. As the bell descends, this 
weight, called by the Inventor the balance-weight, hangs down 
at a considernble distance, below the mouth of the bell.^ In 
case the edge of the bell is caught by any obstacle, the ba¬ 
lance weight is immediately lowered, so that it may rest 
upon the wttom; by this means the bell is lightened, so that 
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all danger of ovorselliitg j« removal; for being lifter, wltb^ 
out the balanoe*weigh^ than an equal bulk of imtir/ itb 
evident that tbe bell will nse aa for aa the length of tbe rope 
afixed to the bafonoO'weight wiU allow it* This wetgM 
will therefore serve as a kmd of aachor, to keep the bell al 
any {nuticofor de^ which the divers may think attoessasy^ 
oc by imlliog it quite up, tha descent may be coattmied to 
the very boafoam; tlmw facilitaes of managesieat are cf great 
moment. 

This bell inclnded another contrivance, whieh the divers 
were enabled to raise the bell With all the weights anpended to 
it, even to dm surface, or to atop at any particular iroptb; and 
thi» they could stiU be safe, even though the r<^ designed 
to pidl up ^e bell should bresk. For this poirpose, the Imll is 
divided into two csvides, both of which are laade as tight as 
possible; just above tbe secsoad bottom, EP, are small slits on 
the sides of tbe bell, through which the water entering us the 
bell descends^ displaces tW sir originally contaitied in its 
cavity, which dies out at ihe upper orifice of the cock H. 
When this is done, the divers turn the bundle which stops the 
cOcfc, so that if any more air was to get into the cavity AEFB, 
it could no longer be discharged through the orifice U ss 
before. When this csidty is full of water,’the bell sinks; 
bot when s considersble quantity of air is admitted, it rites. 
If therefore the divers determine to rake themselves, they 
turn tbe small cock, by which a commonicalion is made be* 
tween the upper and under cavities of the Ml; the conse¬ 
quence of this is, that a quantity of sir Immediately enters the 
upper cavity, forces out n quantity of water contained in it, 
md thus renders the bell fighter by the whole weight »f the 
water which is thus displaced, if n cerlidn quantity of nU is 
admitted into the upper havity, the bell wm deicend very 
slowly;; if a greater qri^tity, it Will fodther ascend Wcw de¬ 
scend, hut remain etalidm^ 1 Wad if a laiget qnsnttty of 
air be stttt admitted. It wnl rke W> the lop. If is to be 
observed, bowhver, that the ahr which k fbm let out tnlo 
the upper cevity, must be immedisldy replaced from the 
uir-barrel, and the air is to be let out very shwly, or the 
wifi rise to the surface with such velocity that tbe 
divers may be ifoaimn out cHT their seats; hut v^lh, dno 
.every pomible accident wkWf’- he pfevmstcd, SBOsJ^oeo- 
ly dmceod to very great deflha without 
snsiOB of danger; die hell ano becomes do easily 
,^_^_-»ibIe «the water, that -it may he conducted one 
pleeecm apbther hf a siaaidl bent widi^seat ease, with 
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made of thiok gl&ss, for admitting light to the divers; and in- 
stead of wooden soats* used by Dr. Halley and others, ropes 
are suspended by hooks bbb^ and on these ropes the divers 
may sit without any inconvenience. N represents an air-cask 
with its taekie, and CP the flexible pipe through which the 
air is admitted^4o ^e bell; iu the ascent and descent of this 
oask, the •pipe is kept down by a small weighty as in Dr. Hal* 
ley^i maeuine* R is a small cock, by which the hot air may 
at any time be discharged. When the bell is to be used, it is 
conveyed to the place required, by means of two boats or 
barges, connected together by cross-beams at stem and stern, 
and with ft sufiiGient space between them to admit the bell. 
From the top of an .angular framing, one side of which goes 
into each boat, descends the rope that sqpports the bell, which 
is raised or lowered by a windlass in each boat. When the 
divers wish to come up, they give a signal for that purpose, 
and the windlasses are turned till the bottom of the bell is at 
Some distance above water; a small boat or raft is then rowed 
under them, and they got out: they get in the same way, and 
in both cases without being wet, or mifiering any other incon¬ 
venience. The signals consist in ringing bells attached to the 
windlass frame, from which strings descend into the bell. 

The main rope by which a diving-bell is supported, ought to 
be soaked in water before it is used; or it would perhaps be 
still better if s chain were substituted. An instance occurred 
in the bay of Dublin, where the rope, in suffering the contrac¬ 
tion which water always occasions, caused a aiving-bell to 
turn round, by which means the signal-strings were entangled. 
The people above, not receiving the signals they expected, drew 
up tne bell: but they were too late; the two men it contained 
were both dead; not drowned, but suffocated by the wnntof a 
supply of fresh air. 

Another circumstance proper to be attended to in using a 
diving-beU, is to lower it very gradually through the wate^f 
to prevent the injurious effects which the abrupt condensatioil 
of the mroontained in it might have upon the men. 
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W« hsve no# to consider Ube^objecto of Hf^dmoltct, wbioti.^ 
il hai 4dfeit(ly^ been explatiii»d, r^teto the laws and iiaea of 
0uids in ^notion. Here» as in Eydrostatics^ thongh th6 doe<* 
tixne laid dci#n miglit be applied to fluids in general, allowingfi 
for diflerenbes in denSUyi yet water is the fluid constantly re> 
ferred to; because it is the fluid with which men are most ex* 
tenslvely concerned,and elucidations specifically applied give 
greater precision to the subject. 

Of the Motion'^ J^ter Jhwmg out of r&emain,: 

When avetsel, containing water, and open at the ton. is 
pierced below the siirlace of the fluid, the velocity with which 
the water flows out is observed to be greatest st first, and to 
dfaainish gradually as theawater sinks, and the nearei the sper> 
tore is to the bottom, the greater thejquantity which flows out 
its a given time. ^ From a hole on a .level with the bottom of 
the vessel, the water would itnmerge with nearly the same re< 
locity as if it were in the bottom. This egress of fluids from 
the perforated sides of vessels, is a consequence and a proof of 
their pressing in.every direction; and the law which governs 
ihb rate of it is sn admirable illustration of the harmony which 
distinguishes the op^atrons of nature, although our limited 
powers are but occasionally competent to its develofunent: the 
velocity wkk which ioater fows otrf ^ on aperture at the tide or 
bottom ff a veuel, u m thesquam root of iM dutar&e of the aper* 
turefrom the eutfaee of the water. This is but saying, in other 
words, that the velocity is ucedHing to the pressure or force 
which occasions it, aoil it has adrtody been demonstrated that 
tfii prearares of fluids is Ssihetr pemeiidict:^ faeighto. Hence 
if is dedUciblertiy^rAe velocity with whuMtMter ^wt from an 
dp^rtwre^ is the same at thatmmth would be acqumd by a body 
' Shijfkb^g from a he^ht equal to that betwefSn tM outface smd the 
c^iefture. In ordbr, therafure, that double the quantity of 
water may flow through , one bole that «flows through another 
of the lame sixe, the tormer muat Jfe%l# t|i)|S8 as ^r from the 
atliihca at the latter; and if a suppl^tlpllbm times the quoii* 
tHf of water b# required, without bHahglng the size of the 
e^ptiiure; i^ree ttules tbe vdocity muet^beproduoecband'threo 
Awelocity wifl require niite^niealilie preeaure, eonse^ 
qhdntbr the hole tonsl be ni|ie &om tkamafy^Mf 
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the fiukl, as that which only produced a third of the supply. 
An experiment in proof of these positions, is easily made: let 
two equal pipes be fixed into the side of a vessel containing 
water, but one of them at four times the distance of the other 
from the surface: let the two pipes be allowed to run at the 
■ame aaomfint, wl^e water is constantly poured into the ves¬ 
sel, and kept at the same height in it during the experiments 
Then if a cup that bolds a pint, be so placed as to receive 
the water that spouts from the upper pipe; and at the same 
tiiife, ft cup that bolds a quart, be placed to receive the water 
from the lower pipe^ both cups will become full at the same 
moment. 

The horizontal distance to which a fluid will spout from an 
aperture, in any part of the side of a vessel, below the surface 
or the fluid, is equal to twice the length of a perpendicular to 
the side of the vessel, drawn from the mouth of the pipe to a 
semicircle described upon the altitude of the fluid ; and there¬ 
fore the distance will be the greatest possible, when the mouth 
of the pipe is at the centre of the semicircle; because a per¬ 
pendicular to its diameter (supposed parallel to the side of the 
vessel) drawn from that point, is the longest that can possibly 
be drawn from any part of the diameter to the circumference 
of the semicircle. Thus, in fig. 2, pi. II, from the point E, at 
the middle of a vessel'represented by RS, and filled with wa¬ 
ter, draw a semicircle, A < B, the diameter of which is equal 
to the height of the vessel; from H, E, and I, where the side 
of the vessel is perforated, draw lines parallel to the horizon 
till they reach the semicircle, as 1 1 , £ e, and H h. Now if the 
water in the vessel be kept constantly at tbe same height, the 
jet which issues from the aperture 1, will describe (nearly) a 
parabolic cu#e, and fall upon a horizontal line on a level with 
tbe bottom of the vessel at L, and LA will be found equal to 
twice the distance 11; and as the line H A is the same length 
M I i, the jet from H will also fall at L, Still obeying the 
same rule, tbe jet from E will be the greatest possible, e® 
will reach to twice the horizontal distance E e, that is, to P. 
The horizontal range of the jet, in each case, as AL, is called 
the oi the jet. The curve described by these jets.is 

the saiiiN^hali described by a cannon-ball ih its flight, or 
any other solid projectile; it is compounded of the rectilinear 
motton produced Jby the lateral pressure of the fluid, and the 
accelerating efifect of gravitation in changing its horizontal 
ooorse; it wilL not therefore be precisely that curve called a 
parabola^ Axcept in vacuo, or a non-resisting medium; but 
when the height of the vessel is inconsiderable, tbe aumunt os 
the deviation fiwhiL a parabola is not material. 




If the fetae) RS» fig. 2, have an afierinrt an nonlriveil that 
the jet forced out of it ahall be directed upwerdt perpendicii* 
tarly aa by e pi{»e M, the Jet will nem reach the altitude of 
the head of water or colosm Ibrctng it out* becauae the ai^ton 
of the almoaphert caiiaea it to spread, and at length dividti it 
into drojpa. A great varietv of circumatagcea reipilate tba 
action oi finida lowing in manner, ^r eaample, a Jil 
will not rise ao bigh from the lube, aa if it rote by the impui' 
aion of a aimiiar columii in the manner ahfwn by fig« If 
the pipe M, fig. 2, were inclined a little, the Jet would fiae 
iomewhai higher, l^cauae no pan of the water woukl then fall 
back in the direction in which it came, and thus impede the 
motion of die liaing atreaui* If the pipe M. from the vemel ES. 
be of conaiderable length, the Jet dttcbarged from it will not 
be to great aa when it ia abort; and if its diameter be the tame 
at its aperture, the Jet will also be leaa than if the diameter of 
the <»>iiduit-pipe much exceed that of the aperture; tlie reason 
it. that when the 60 iiduit*pipft it large in proportioii to the 
apenure. the motion of the water in it ia alow, and therefore 
it bat lets friction. A conical pipe wilt not afford to large a 

i 'et at a cylindrical pipe, ending with a fiat aurface. with the 
lole in the middle of it. By eniargtng lha aperture of a Jet. 
the friction against the sides if propartioiiaiely dimtntthed; but 
the thicker tm; column, llie greater the reaitlance of the air. 
There must, therefore, be some particular diameter for a Jet. 
at which the teaistance of the air and the friction will be such, 
at to produce a maxtotum effect; this ia found to take pkce 
when the diameter of the aperture it touiewhai leaa than an 
inch and a quarter. If the aperture be larger or let# than 
tina. the Jet will not rise ao high. The higher the reservoir, 
within certain limtU. the nearer the summit df the Jet ap* 
proachea to the level of the head of water} bat no jet can 
rite bigber than I'OO feet, let the height of l^e bead of wmar 
be what it may. Tb«of|. on theae e^Jecta, ia exoedtngly apt 
to be ervoneooa, by imC comprehending all ibe modifying ctr* 
cumstauces; and there ia yet a wide neld for useful expeiir 
ipienl: the following tablf ha* been deduced fi|om expeiimeote 
to aaoertain ilie height to which jet* of water wtlkpaa perptn* 
dkiilafly* when the alittude* of ihf water in lha liicrvoir are 
Irom 6 to lOB feet: 
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.. 43.65 

76. 

.,62.84 

26. 

,. 24.06 

• • • e • « 

.. 46.19 

78. 

.. 64.24 

28 ...... 

.. 26.78 

64. 

.. 46.72 

80. 

.. 65.64 

30 

♦ . 27,48 

66. 

.. 48224 

82. 

.. 67.02 

32. 

.. 29.16 

58. 

.. 49.74 

84. 

.. 68.40 

34 

.. 30.83 

60. 

.. 61,24 

86 ...... 

.. 69.76 

36 ...... 

,. 32.47 

62. 

.. 62.73 

88. 

.. 71.14 

38 

.. 34.11 
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.. 64.20 

90. 
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.. 3:> 74 

66. 

.. 66.66 

92. 

.. 73.82 

42.,,... 

.. 37.36 

68. 

.. 57.12 

94. 

..75.16 

44. 

38.93 

70. 

.. 68.66 
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.. 76.49 

46 ..... . 

,, 40.63 

72 . 

.. 60.00 

98 ..... 

..77.81 

48. 

.. 42.09 

74. 

.. 61.42 

iOO . 

.. 79.12 


When water epotiU from the side or bottom of a vessel 
which is very ihiOt and the aperture is at the same time very 
small when compared with the size of the vessel, the stream 
is observed to be narrower at a short distance from the vessel 
than in any other part, ami less even than the size of the aper¬ 
ture. “Ihi* will be observed on inspectint? the jets II, E, and 
1. 6^. 2, close to the vessel. This narrow part of the stream 
is c^Urd the Vfna cmtractu, or contrafted vein. When the 
a|»erture is circular, its distance from the interior of the ves¬ 
sel is about equal to the diameter of the aperture; when, there¬ 
fore, the thickness of the side of the vessel exceeds or is nearly 
equal to the diameter, this contraction is not perceived. The 
diameter of the vena eonlracta varies a little with the form of 
the apeiture, the thickness of the vessel, and other circum¬ 
stances not easily detected; but in general it is equal only to 
about four-ftflhs of the aperture. As the particles of a Huid 
Gdxive ail aperture run from every part to make their egress 
there, it is (Evident that tlioae which come from a part situated 
©bliqiiely to the axis of the aperture, will have a tendency to 
converge ; and though this tendency is materially checked 
by the* opposition of the fluid from' other parts, it yet has 
the etieet of producing th© mna contracta ; and afterwards, 
partly like tlic eflect of the crossing of rays which have met 
in a'focita, it occasions, independently of the concurrinjg 
e^ect of the atmoapUcre, the water to spread the farther it 
recedes from that place. When the apeiture bears a consi¬ 
derable proportion to the size of the vessel, the vena coniracta 
if not obeervable. 

U is leid down ts « principlo, that the velocity with which 
wmtot spotits from mil operturti is not equal to that acquired 
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by a body (iilling perptMidicularly from a height equal to the 
distance between the iurface of the fluid and the centre of the 
aperture; but it must be explained, that this velocity k not 
acquired by the fluid, till it has reached the vena contrmta: 
for precisely at the aperture, Kupposing the vessel to be ex¬ 
ceedingly tliin, the velocity of in© water is found by expeii- 
inents to be only half that which a body would acquire in fall¬ 
ing from a height equal to the deptli of the fluid. Hut as the 
vtna fOM^rnda generally coincides with some part of the aper¬ 
ture, on account of the thickness of vessels, iUeso distinctions 
are not noticed in practice. 

When a pipe is adapted to any part of the vessel, as a pas¬ 
sage for water, it is, whatever its tigure or size, called an adju¬ 
tage. The effect of an adjutage varies with itsfigureand length; 
but its general effect is to increase thedisciurge uf water, un¬ 
less its shape be conical throughout, with its base at the reser¬ 
voir, in which case the discharge ii less than that of a simple 
aperture; if the conical adjutage be continued by a rybndrical 
tube, the discharge will be sldt further diminished, in propor¬ 
tion to the length of this tube; but if an atljutage be in tin* first 
instance conical, as in fig. 4. plat#' 11, so that tlo* itarr nv part a. 
shall just correspond in sjiualion and diamt ter tn th ’ vena 
eontracta of an aperture e, while from a to f> the tube is 
expanded as a jet is natuniUy disposed to d >, the qi.antity 
dischargetl in a given time will be two and a half tunes greater 
than if the pipe were throughout cylindrical, of the dia¬ 
meter at a. When an adjutage projects into the interior 
of a reservoir, the discharge frum it is reduced nearly oiie- 
balf. 

Where the head of water is not constantly maintwined in a 
reservoir, or when no supply is received during the dis¬ 
charge from the adjutage, the quantity discharged wdi only 
be one-half of what it would be if the level were always pre- 
•erved. 

It may be useful to observe, that the diiicharge of w ater 
running out of the bottom of a cistern, through a descending 
pipe, is nearly the same as if the cistern were continued 
through the whole height, from the surface of the water to the 
orifice of the pipe, and the water svere then discharged from 
the bottom or this cistern by a short pipe in any direction. 
Some doubts as to the truth of this proposition having been 
entertained, although it rested on tiie aathority of the best 
writers on lu'draybcs, it was scrutmized by an experiment 
tried at the Koyal Institution. A tube was fixed homatitallv 
in the bottom of a retsel, and water was poored- thri^ugb 
another tube of similar dimentioni placed vertleafly, and^ it was 
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found that more water^passed through the latter tube than the 
horitontal one could carry off. 

The progress of water through a pipe, is greatly retarded by 
every deviation from a rectilinear direction, and by every en¬ 
largement, contraction, projection, or roughness it meets with 
in its passage; and most of these irregulantiea are of too vari¬ 
able and uncertain a nacure to be submitted to regular calcu¬ 
lation. They operate in occasioning eddies or contrary cur¬ 
rents, in counteracting which, part of the moving force is in¬ 
evitably lost. To avoid, as much as possible, the retardation 
from flexure, when it is necessary to give a new direction to a 
pipe, the point of flexure should not be sharp, but take as 
e omprchcnsive a swtHjp as can be allowed. 

Of the Motion of UVx/er in Rivers, and if ITanes. 

I'lie motion of a river is in general produced by the descent 
of the water from a higher to a lower situation ^ and therefore 
It is sttifi or slow' according as the descent or inclination of 
the bed t>f the river is great or small. Sometimes, or in some 
pans of river.;, tlie motion is produced by pressure, or dispo¬ 
sition of the water to spread itself out, in which case it in¬ 
creases with the depth. 

To ascfiuin vvlirthtr the water of a river, almost horizontal, 
flows by means uf the velocity acquired in its descent, or by 
the ptessure of its dejith,>set up an obstacle perpendicularly 
m it, then if the water rise and swell immcdiaic-ly against the 
obstacle, It IS the descent which occasions its motion ; but if 
It first stop a little it is impelled by pressure. 

The vel icity of running water, in different parts of the same 
section, is very dirferenl, vet it is often desirable to ascertain 
its mean amount, when itU intended to apply »t to machinery. 
Watt fouml that in a canal 18 feet wide above, and 7 below, 
aiul 4 feet deep, with a fall of four inches in a mile, the velo¬ 
city was 17 inches in a second at the surface. 14 in the middle, 
and 10 at the bottom, so that the mean velocity may be called 
14 inches, or somewhat less, in a second. To find the vtdocity 
at the surface is easy, by observing, in calm weather, the rate 
at which a body flows when just immersed in it; but the velo¬ 
city at any considerable depth, is not obtained with the same 
facility. One of the best methods is the use of an instrument, 
consisting of a tube, at one end of whicli, and at right angles 
to its length, is affixed a funnel. This funnel being presented 
to the stream, and the tube held vertically, the water rises in 
the tube above the surface of the river to a height correspond¬ 
ing to the velocity. If the funnel be covered with a plate, 
having a small fiole in its centre, the elevation of the water w ill 
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txcectl what i» due to the xelociljf h^ nearly cme-half, A very 
simple mode of ascertainiug the mean velocity of « etreeni, con* 
sisti ill the u»e of a pole of light wood« about the same length 
as the depth of the stream ; the lower end of this pole is loaded, 
so that, iu still water, it would remain in a vertical position, 
with its upper end near the aurface; the preparation of it is 
fttiished. by hxtng ill the upper end, exactly m the direction 
of its axis, a slender rod to project above the water. This 
pole being placed in a river, the rod will point op or down, ac¬ 
cording as the stream is swiftest at the surface or near the bed. 
and the rate of its motion, in any given space of time, will be 
the mean velocity at that place. By thus taking the mean ve¬ 
locity. at various places between opposite points of the banks, 
and dividing the sum of all the velocities by the number of 
trials, a mean will be obtained sufficiently correct for practice. 
In cases where an estimate may be thought sufficiently accu¬ 
rate, the medium velocity may be taken at nine-tenths of the 
•uperhcial. 

The winding* of the banks and inequalities of the beds of 
rivers, destroy a large proportion of tl»e velocity which would 
otherwise be generalevl. The Ganges, by its windings has the 
declivity of its bed reduced to less tluin four inches per mile, 
and the medium rate of its motion is rather less than three 
miles an hour; this is in tlic dry months, when its medium 
depth is 30 feet. Of the Po, theYnedium depth of which river 
is 29 feet, and the fall 6 inches in a mile, the velocity is 3| 
miles in an hour. The velocity of a river ought to accumulate 
with the length of its course; but the causes of retardation are 
often sufficiently powerful to produce a contrary effect One 
part of a river is generally observed to flow with much greater 
velocity than any olhec part, and is therefore called live thread 
or ckmtuei of the rfuer, which is very rarely in the middle, or iU 
any regular distance from the banka, but is more or leas in¬ 
clined to one of them, according to th^ir form; and their form, 
with that of the bed, ia often an accidental contingent of dif¬ 
ferences in their texture, which cause them to resist of yield 
to attrition. When a river changes the direotton of course, 
the velocity is greater on the concave than the conveix side of 
the flexure. 

The waves formed on water hv the action of the wind, aiw 
euperfleial oscillatious of the fluid, that are hy no ineaos 
•o irregular in their action aa su^k be iDferf*4* When 
water is at rest in a bent tube, lime that repreeei^nih hy 
%. fl, |fl. 1, if one aperture ^ blown into, the prater 
ri^ above its level in the other, and makes a./ew iflhtastions 
before it ittbeidea. The itmes employed in perfonntif these 
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vibrations are u\\ e(|ual, for colamns, whether the vibra> 
lions themselves be long or short with respect to the space over 
which they move; and they are the same as the time in which 
a pendaium, the length of which is equal to half the length of 
the fluid, performs its cycloidal vibrations. The pendulum, it 
is well known, when drawn out of a perpendicular position, 
endeavours to regain it; but in doing this it has obtained a 
velocity which carries it out of the perpendicular on the oppo¬ 
site siefe ; in the same manner, the water in the tube, when 
raised in one limb, on being left at liberty, overpasses the point 
where it will rest in the end ; the same principle of motion dis¬ 
tinguishes waves. The first impression of tne wind upon the 
water, is to produce a cavity; this cavity cannot f)e produced 
without heaping up the water before it; the water thus heaped, 
having attained an elevation proportionate to the force which 
c’luscd the depr»‘8sion, sinks down tow’ards its level, but in thus 
sinking down, it acquires a velocity which carries it below its 
level ; by this means it produces a depression like that occa¬ 
sioned by the wind in the first instance, and thus successive 
waves are propagated, but the motion diminishes in proportion 
to the distance over which the force extends. The transverse 
horizontal extent of the base of a wave is called its/>rco£fM, and 
it is equal to the space between the most elevated points of two 
adjoining waves. A wave i^^gsaid to have performed one vibra¬ 
tion, when it has run half its breadth, that is, when the highest 
part of it has become the lowest; and the time of a vibration ia 
correspondentto that which a pendulum half the length of the 
space run over in one vibration, would require to perform one 
of its cycloidal vibrations; therefore a wave will run its 
whole breadth, in the time of two vibrations of a pendulum 
equal to One-fourth of the transverse length of that wave’s 
two sidea. 

The depth to whieh the sea is agitated, even in violent tem- 
pestt, is not very considerable; at tne depth of twenty feet below 
what is the level in a calm, the effect it very sltglit, and at thirty 
feet it would probably be altogether imperceptible. It may 
therefore teem diflicuH to account for the mountainous waves 
encountered by stamen; but it must be remembered that the 
wind hi oonstantiy acting, and that one wave is raised on the 
surfbee ofenother, tin the aconmulatibn'hectx^ prodigious. 

When a stone or any other body ia tbrokrn into a vessel con- 
tainiim oif, it agitates the surface nearfy eamnch as if thrown 
into a like q^ntt^ of wnter; bnt the power of the wind on a 
surfiice ol"Oil is eacewimgljrsmall, and incapable of producing 
more than a tUght nndwlatmo. Thia fbet was first published m 
modem tim«i, at leasts by ©rf Franklin, who intimated the 
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potsibiltty of ftpplytiig it to nioful purposes, ftfter bteing ob¬ 
served how tbia the peUicle of oil poured out upon water will 
become, without losing its effect in depriving the wind of its 
influence. A quantity of oil, in the proportion of half an ounce 
to an acre, poured out on the windward side of a lake, will 
spread tmetf over the whole surface, and still the waves raised 
by a iempestnous wind. Where the oil cannot be poured out 
at the place where the waves begin, the effect is lets remark¬ 
able, because the vravcs are formed before tbey reach the oily 
part of the surface, and therefore they can onlv be deprived of 
that addition to their motion which they would otherw ise have 
received while passing over the part which the oil covrrs. 
Captains of vessels sometimes use considerable quantities of 
oil, by pouring it out to diminish a surf; and pearl divers do 
the same, when tbey wish to clear the surface of the sea before 
they go down. It is the various kinds of fat or fixed oils which 
produce the effects in question { light, volatile, or essential 
oils, are ioeflicient. 


Or llvoaai'ur MArmsEs. 

The common or sucking Pump. 

% 

The common pump, with which water is drawn out of wells, 
is usually called a sucking pump. This appellative originated 
at a period when the effect was attributed to tuclioa, and ought 
to have been rejected when the pressure of the atmosphere was 
fuHy proved to be the efficient agent in causing the water to 
rise. The mechsniein of the common pomp is represented by 
fig. 6, platJ If, where the tubes are supposed to be of glass, as 
the models of pumps shewn by lecturers on hydraulics com¬ 
monly ais, for the purpose of illustratsOg more clearly the mode 
in which machinery or this kind operates. At the lower end A, 
of the pipe AB, is placed a valve f, Ojpening upwards; in the 
piston, £, is placed another valve, M, opening upwards like 
that atg. The piston £, fits Uie pipe so accurately as to be 
air-tight,and conacquenlly watcr-tignt; yet it is not to iltiened 
hot that it may easily be raised or depressed by the rod F, 
wfairdi is connected with it, and wrought hy the reciprocating 
motion of the handle I. The lower pipe K, is open at both 
ends, and desomids into the water of the well. When the 
pomp ts first constructed, it is plain that the air betweeff the 
two valves, and that in the pipe below ffiem, is of the tmme 
dbosity If tim air of the atmosphere, Oonseqnently the watm, 
whdl ml^ipe K ‘n put intd the well, ikw in it hut u vblrllifia^ 
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w«y, aiid is at most incapable of rising in the tube mboTC the 
letel of tl»c well, because the air within and that without the 
tube press upon the water with equal force. Now let the piston 
£ be raised \ and the air between the two valves will, in pro¬ 
portion to the length of the stroke, have a larger space to oc¬ 
cupy ; ihta increaaed space it immediately fills by its power of 
expansion ; hut as it cannot expand without becoming less 
dense, and it cannot become less oense, without a diminution of 
its power of resistance; therefore, as soon as the piston is 
raised, the superior elasticity of the air contained between the 
valves g and the water, causes this valve to open ; by this means 
the w hole column of air between the piston E, and the surface 
of the water in the pipe K. is rendered less dense than it was 
before the stroke : on which account it presses on the water at 
the lower part of the pipe willi less force than the air on the 
outside of it. The external air, therefore, presses the water up 
the pipe K, until the column of air above the water in this 
pipe, ihousrh shortened by the rising of the water, is of the 
same density as before, w'hen an equilibrium takes place. All 
these operations, though tedious to describe, are instantane¬ 
ously consequent of the stroke made with the handle I; and 
no sooner is the stroke repeated, than they follow each other 
over again, and the consequence is, that the water rises still 
fuilhcr in the pipe K, till at length it rises above the valve g, to 
the piston E, on depiessing which the water passes through the 
valve A, and is discharged at the pipe m on raising it again. 
A<\er the pump has once been wrought, while it remains in 
order, the water always remains above the piston £, so that the 
first stroke with the handle, discharges water from the pipe m. 

The pipe AB is generally called the working barrel, and the 
pipe K the suction-pipe. At the bottom of the pipe K, the 
water is admitted by small holes, to prevent the entrance of 
dirt, weeds, &c. which might injure the mechanism of the 
working barrel. 

Every time the piston E is raised, the vahe h closes, and 
every time the piston E falls, the valve g closes and A rises, 
which causes me stream fiowing from the pipe m to be very 
unequal. But as an equal stream is more agreeable, and often 
more convenient, it may be obtained by having a cistern at the 
head of the pump, and making the apout small. By this 
means water brought up at successive strokes is emptied 
first indu the ciitern, from which it issues at the pipe almost 
in an equable stream. 

As the water rises in a pump by the pressure of the atmo- 
imhere, which is removed from the water at the base of the pipe 
K, while it remaiua on the rest of the surrounding surface of the 
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weli. It foitowa tbat a parap cannol act in tactio. and alto that 
in any other situation, as there is a limit to the pressure, there 
is a limit to its eflVcts. The pressure of the utmospliere is 
variable ; when the barometer is at 31 inehes, it is. upon any 
gis eii base, €€{uai to ihatof a column of wutei 3o feet bi^h upon 
a base of the same area; but when the barometer is at 30 
inches, it is only equal to a column of water 33/^ high : it is 
in general, however, only considered equal to the pressure of 
33 feet of water, it is evident that no force cun overcome a 
greater force than itself; the presi^ure of the atmosphere, there¬ 
fore, can, at the most, only raise water to the heights stated ; 
and the allowances to be made for imperfections of workman- 
ship are so constderable, that it is not in practice considered 
profier to mak# the length more than 23 ftct, or, at the ex¬ 
tra me, 30 feet below the moveable valve. 

The force required to viork a pump, ati» r the wattr tw laised 
to the moveable valve, varies with the square of the iliaaieter 
of the working barrel; thus a barrel twice the diameter of 
another wilt raise four times the water of the latter, hut the 
working of it will require four times the slreiufth ; for the hori¬ 
zontal section of the cylinder is ucircle, and the areas ul circles 
are as the squares of itieir diameters. Ihe size of any |»art 
except the working barrel is of no consequence, so f.jr a.v re¬ 
gards the strength retiiiired to work the pump, with the excep¬ 
tion that the smaller the pipe K, the greater will f»e the liictiuii. 
It has been found, that when the liaiidie increases the power 
five times, and the diameter of the working bariel m 4 inches, 
a labouring man, at an ordinary rate of exeiliun, w til discharge 
27| wine gallons per minute. 

The velocity of the stroke of a pump should never be less 
than four inches, nor greater than tw o or three feet in ii second; 
the stroke should be as long as possible, to prevent loss of 
water by the frequent alternations of the valves. The diameter 
of the suction-pipe is be^t proportioned, when it is from two- 
thirds to three-fourths of that of the barrel. 

The ii/ting Ptimp, 

Th« lifting pump is generally used for great water-works, 
and where the water is not to he brought up from any great 
depth. It is variously constructed, but in ganeral the upper 
valve is fixed, and the tower one moveable: and the water is in 
fact lifted as if it were in a bucket ; the sides of the bucket 
being formed by the barrel, and the piston forming its bottom. 
Thns in fig. 6, plate 11, n is the stationary valve, and k the 
mnseiible one; for it is attached to the piston B, whi^lh whtii 
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the pump i« at work, is alternaO'Iy raised and depressed by 
the rotls d, puKftin" through tiic frame of the valve a, and 
coniiccled wtth a faaitcUe at X, or with a crank if wroui^ht by 
niaciiintrv. Both lJ»e valves open upwards as in the common 
pump, 'the piston B is forced down into the w-ater, which 
lifts the valve h, and rises to its level in the barrel C; then 
v%hen the piston B is lifted up, as its valve closes, the water 
that had gotten above it, cannot re-enter the well, it is there¬ 
fore lilted fit the same time; and as soon as the column of 
water reaches the stationary valve, it opens that valve, and 
continues to pass throus^h it, till the piston B reaches its frame. 
The piston B then descends again, and brings up another sup¬ 
ply of water, which aft^T having filled the space above the 
valve a, begins to flow from the spout as in common pumps. 


'J7te fordit" Pump 

The forcing pump is furnished with two valves, which are 
Vinth stahomirv, or open and shut'in the same situation. This 
pump IH shewn ut fij».7, pi. 11, where EF is tho working barrel, 
:ohI G the pipe which {lt s.renris into the water. The first volv-j 
IS jd.iced at r, and the second either at a. as in the figure, or in 
fcouir part ot the tube AB. The working rod H, terminates in 
u Build plunder or pistuii. K. which fits the barrel so woll, as 
to allow neither water nor air to escape almve it from below. 
Suppose thi-^ piston to be immediately over the valve r; when 
It iH diawn up. the valve r opens, and tho water passes through 
it. as through the lowt r valve in an ordinary pumn. But on 
the deprt’ssion of the rod H.lhe water cannot passthrough the 
piston, because it contains lunther valve nor any other aper¬ 
ture, nor through the valve r, because, it closes with the retro¬ 
grade motion of the piston ; the water therefore enters the tube 
A B, raises the valve s, and enters the reservoir TT. The piston 
is then ut liberty to be driven down towards the valve r, and 
each repetition of its action forces a fresh quantity rf water 
through the valve s. The reservoir contains a tube b h, firmly 
fixeil inila upper part, and reaching almost to its bottom. The 
effeet of the water, on first entering it, is to drive ont of it a 
quantity of air; but when the water has risen abov’e the lower 
orifice of the tube, no more air can be driven out, and therefore 
the remaifier of it is condensed, in proportion to the quantity 
of water forced into the reservoir by the action of the piston. 
It is obvious, however, from the elastic property of air, that 
there will be a re-«otio 4 ) of the quantity Itius confined, accord¬ 
ing to the intenaity of the oondensation. This re-action or 
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enrleat'Our toaeatiire its farmer bulk, cauties it to pn‘»» upon 
the surface of the water, uhich, having no egress elsei%here, 
passes out of the tube bb, in the fonn of a jet. Ami as, during 
the descent of the piston K, there is more water in the reser¬ 
voir TT, than the air can drive out m that space of time, Uiejet 
from the tube A, continues with httlc intermission of force 
during tive whole time that the pump is wrought. 

The reservoir TI’, is called an <iir-iv*W. Aithough tne ma¬ 
chine to which a vessel of this kind is added; discharges the 
water in a continual stream, it does not necessanlv follow that 
a greater quantity is tlischarged in a given time than hy a sim¬ 
ple spout: theory, indeed, dictates that the quaiiliiy will in 
each case be the same; experiment, however, has eHt«tblislud, 
that a little more is dclivecid when tlie air-v» »,M.l i» used, 
though the did’ercuce is very small. 

By means of (he forcing puuip, wrought hv au adequate 
power, water may he raised to any height, hut the disitance 
between the piston K, when highest, and the surface of tlte 
water to be arawn up. must not exceed k-et, btcau«c it is 
by the pressure of the outward air that the water is raised in 
the first instance; for great height*, therefore, it ii the pij»c 
AB v\hicJi must be Icnglheneil. 

A forcing pump is the essential part of an engine for extin¬ 
guishing fires. These engines have generally two forcing 
pumps,and the pipe from the air-ve«st‘l.ext epi at the extn nniy, 
is made of leather, or some pliable material, that the jet may 
oastly be directed to any given point: the pipe G is also in 
part made of leather, in order that a supply of water may be 
drawn conveniently up from any accidtuial source. 

The pump was invented about one hundred and twenly years 
before the birth of Christ, by Cteaibiiis of Alexandria, the in¬ 
ventor of the organ, and the hrst example of it appears to haie 
been a forcing pump. 


Improved Pump* 

Various attempt* have been made to improve the con»truc- 
tion of pumps, »wd several of them have not been untmccetsful, 
a contrivance for converting the commmaaucking pump into a 
lilbi(t|r pump, we shall Ural notice. It Is Itprescnted by %. 1. 
pt. Ill, where AB is the workiti|(4iurrel, wnieb haa a lateral 
pme at C, connected with it; rfiia latemi pipe turns up#aetj- 
omly, and is furnished with a vabre tft Kjk The barrf^ is 
closed by a strong plate at the top, coll|atning Iklllils la its 
centre, furnished with a collar of leatHers. %htly 
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embraces a straight, true, and polished piston rod M, and the 
leather henig soaked in tallow, pr some other unguent, is per¬ 
fectly air-tight. The piston S contains a valve, and there is 
another valve atT; both of them opening upwards. Now sup¬ 
pose the piston S to be at the bottom of llie working-barrel, 
when it is drawn up, it tends to compress the air above it, and 
the valve in it remains shut by its own weight. But as the air 
still not sufler compression, while a possibility of escape re¬ 
mains, it passes along the tube LC, and makes its egress by 
lifting the valve K. The space between the piston S and the 
valve T. after a few 8lrf»kcs, becumes nearly a vacuum, the 
water then rises from the well into the worknig-harrel, after 
which the downward stroke of the rod M causes the water to 
lift the valve, and a column of it to cet above the piston 
Tpon drawling up the piston, therefore. thiK column is drawn up 
ftt the same tunv, and forced through tlie valve K. I Ins is a 
very good fiwrin ot a pump ; for liie [ustou-rod works with great 
stfiuliness, ami as the piston may be brouglit very mar the 
valve T. a gre.it degree of rarvfactiun may be ol>4ained. In this 
pump tile valve T may either he in contact with the water, or 
fh vftted considerably above it, as in the figure; in tlve latter 
ca*'*' it IS the sume as Buchanan s ship pum[). I^y connecting 
an air-vessel with the rising pipe C, as in the forcing pump last 
descnbed. tlin. pump may he made to yield an unrcnntled sup¬ 
ply of water.—Pumps for the supply of a house might he con- 
tri\< d on this pnm'iple. which in furnishing the ordinaiysup- 
i»tv of water, wouhi wOlk more easily than those c< mmonly 
used, lunl in casu of necessitv they could instantly he converted 
into engines fur extinguishing fire, or b-r supplying distant 
places with walrr. For common use, the spout of the pump 
hliould be opposite the horizontal part of the pipe C, and "hen 
the water was to be impelled to a distance, tins spout should 
be bunged up. If a.large cock were used as the spout, the 
clo»ino*of this cock would answer the same end. 

/rt I/ire's Pump. 


This is an ingenious though rather complex contrivance, for 
raising water both during the descent and ascent of the piston 

ill the pump-barrel. , . . , , i c *i,^ 

AA. W.2, pi. III. is a well, in which the ower ends of the 

pipi H B and € are immersed. D is the working-harrcl ; m o 
the lowermost end of it the top of the open pipe B is soldered , 
to the uppermost end of the barrel D the P*P’' ‘ ’ 

und opens into D. Each of these pipes B and ( S has a vidvc 
on its top, and so have the crooked pipes E and I, the 
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ends of whtcli into tlm tnd lli«it tipfiiff «ii<Jb 

into the box Q* h i»tb« fkislop which x»a? 9 t dowe 

through xoollxr^f ix«lh«fs to tht »o«ltM. K i#x «ii|id ptxlcis* 
listened to llie rod L: tho piittoo nevof go«* higher thoo K* 
nor lower thxa D; »o thoi tot aftoce between iC nod l> it the 
kn^h of the etrohe. 

Ae the pkton met from B to K, the atmoaphere |»r«Miiig on 
the soriace of the water AA, in the weU* foroea the water up 
the ^pe B, through the velre and fiUe the working'barrel 
with water up to the pitton; dufing this time the valves e and 
$ lie close and air-tight on the tops of the pi|»es K and 
When the piston le at its greatest height, at it stops there 
for an instant, and in that in^^tant the valve I* f»U», and stops 
the pipe B at the top. Then, as tlte piston descf^ndiit, it cannot 
force the water between K. and D back through the closed 
valve h, but forces the whole of ihiit water up the pipe K. to 
the valve r, tins valve immediately opens upward by the foree 
of the water, which, after having tilled the boa Ci, rises mto 
the pipe N, and runs ofl' by the spoilt O. 

Dating the descent of the piston K, the valve / falls down, 
and covers the top of th«- pipe F; and the pressure of the at¬ 
mosphere on the water aA, of the well, forces the water up 
the pipe CS, and ihrouj^h the valve at the top of that pijw' into 
the pump-barrel, where It fills all the space above llie pis¬ 
ton K. 

When the piston is down to its lowest station at D, and stops 
there for an instant, the valve at S closes ; aiol then as the pis¬ 
ton is raised, it cannot force the water above it back ihrmiiih 
the vaUc* S, but drives it up the pipe F, to the >al\e /. which 
opens upward by the force of the ascending water, and alter 
filling the bo* 0, the water is forced up from thence into the 
pipe N, and runs off by the spout at O. Thus a* the piston 
descends, it forces the water below it up thw pipe E; and as it 
ascends, it forces the water above it up the pipe F; the pres- 
tuie of the atmosphere filling the pump-barrel below the piston, 
through the pipe B, while the plunger ascends, and filling the 
barrel with water above the piston through the pipe CS, as the 
plun^r goes down. . By this means, as much water is fonfed 
up tm pipe N, to the spout O, by tile deseeiii of the pietou as 
by its ascent ; and, in each case, as mueb mater is disehar{|fed 
at O, at fills that part of tbe puttsp-baiiNd tti ivliicli tlw pitton 
moyes'-up'and dowsi.' - , nsj ysv-y ' 

. On the top of tbu' pips O it an aketijiiitt-il-**' Whm the 
erator k forctff up above the ■pooi<),'kj|piiii^^ 
the veaael P j which of course acta by 'Il ihM iiiklr to itha 
tir^taaioi of the fofctiif pomp 'alteady , 
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Whatever may be the height of the epoiit O above the 8tir> 
face of the well, the top 8, of the pipe CS. should only be 24 
or 26 feet above the surface; for though the pressure of the 
atmosphere, in case the pipe were perfectly exhausted, would 
raise the water higher, yet as a perfect exhaustion can scarcely 
be attained, to make it longer would be running the risk of 
imperfect action. 

it is not very material what the size of the pipe N may be, 
through which the water is forced into the spout; but much 
ditadvantaiire may be incurred, by an injudicious proportion 
of the woi king-barrel; according to the height of the spout O, 
above the surface ol the well, the diameter of the bore of the 


barrel should be 

as follows : 



HciirM u> (e*i to 

Bor« nl th« 

Hriglit in fcrl to 

iior* of »b» 

Ifac wain I* 

biiriet in 

wbicli tb« water it 

b«rr«l iu 

to Iw nited. 


to be rait«pd. 

iorhei 

10 . 

.,, 6.9 

i 66 . 

. 2.9 

i:,. 

.,, fiJi 

60 . 

. 2.8 

‘JO. 

... 4.9 

66 . 

. 2.7 

j :» . 

... 4.4 

70 . 

. 2.6 

30 . 

• • • 4.0 

76 and 80 • 

. 2.6 

36 . 

• .* 3.7 

85. 

. 2.4 

40 . 

... 3.6 

00 . 

. 2.3 

« • • * • 

• 3.3 

96 . 

. 2.2 

• • •. • 

... 3.1 

loo . 

. 2.1 


77te Screw of Archime/ies. 

This useful invention originated with the famous Archi¬ 
medes of Syracuse. It is represented at fig. 3, plate III, and 
is formed bv wrapping a tube round a cylinder, in the form of 
the thread of a screw. The cylinder is suspended upon pivots, 
and turned by means of a winch; its position is inclined to 
the horizon, with its lower end in the water to be raised. The 
tubA or spiral is open at both ends, and when, by turning the 
winch, the lower orifice G strikes the water, the water gradu¬ 
ally rites ill tbe tube, till it is at last discharged at the upper 
orifice H. To explain the action of this machine, it may be 
necetaary to observe, that while the lower orifice G is turned 
agaiiiat tlie water, the water must be continually rising in it; 
and it it by ita iscmstointly endearouring to remain on the 
under side of the lube, that it at last reaches the top. Tlios 
suppose a quantity of water to lie on the under side aty, the 
spiral Si it revotvea brings the point /into the higher situation 
k, but the watal vltich wat in that part when it was at/, falls 
32,—Voi.. II. Q 


















120 . HYDBOSTATICS AUD 


Hjrdrtnlie*. Aryh tw d—* ieWwr.~»W ttir" ' d W » « i . Bpt wl |mimi|». 


back, becauae it cannot froni its gravity aactnd to k: but in 
doing this, it runt aiong an inclined plane, and gets part of a 
turn higher in the spiral, and the tame procata being con¬ 
tinued through every instant of the working, the water tlows 
out at H in a constant ttream. 

When the water is raised out of a river by means of this 
screw, if a wheel with float-boards be fixed on the lower axis 
G, the screw will be wrought by the stream itself. 

A single spiral tube will raise but a small quantity of water; 
it ia therefore common to wrap two or more tubes about the 
tame cviinder; aa the power required will be little greater, 
alibougl) each spiral will raise an equal quantity of water. 

The screw of Archimedes should always be so placed, as to 
fill exactly one half of a convolution at each turn ; for want 
of attention to this circumstance, it has b<H*n consideretl less 
effective than it really is; for when the orifice is constantly 
immersed, the effect is very much diminished. Tiie machine 
is generally placed in an angle of between 45 and 60 degrees 
with the horizon. 

A machine on this principle may be formed by means of 
spiral projections within a hollow cylinder, in which case it 
will resemble the box or socket of a screw; in this machine, 
which is called a sraier-fcmr, about one-third of the water 
generally runs back; yet it is equal to the screw of Archi¬ 
medes, if the height of the water is so variable, that the latter 
cannot be placed in such a manner as to fill one-half of a 
convolution in each turn. It is placed only at an angle of 30 
degrees. 

Machines of this description are not calculated to raise 
water with advantage to great heights; for if made of the 
requisite strength to prevent their bending, they would be 
extremely heavy. 

If we wind a pipe round a cylinder, of which the axis ia 
horizontal, and connect one end with a vertical tube, while 
the other, which must be outermost, ia at liberty to tom round 
and receive water and air in each revolution, the machine ia 
called a spiral pump. It waa invented in 1746, by Andrew 
Wirz, a pewterer in Zorich. At Arcbangelaky, near Moscow, 
a pomp of this kind was erected in 17^, which Iwiaed a 
hogtbead of water in a minute, to the height of 74 Ibet, and 
thmagh a pipe 760 feet in length. The vertical pipe lihoiiid 
bo nearly or tW aame dimhnatooa oa the i^nil 
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The Rope Pump. 

If a puUey, set in motion by a large wheel, is fixed in a suit¬ 
able frame over the mouth of a well, while another pulley is 
situated in a similar position in the water of the well, and an 
endless rope passes over both pulleys; on revolving the large 
wheel, every part of the rope will successively dip into the well, 
and after attaining the top of the upper pulley, will, in de¬ 
scending, tiirow ort‘, by its centrifugal force, a portion of the 
water it lias imbibed, the quantity of which, when the rotation 
is quick, will be very considerable. 

A machine of this kind is represented at fig. 4. plate III; 
A is the small wheel or pulley over the mouth of the well; 
11 the small wheel immersed in the water of the well; both 
these wheels are fixed upon iron axles, and torn with freedom 
in their respective frames. 11 is a hair rope passing over 
both pulleys, its two ends being neatly spliced, so as to con¬ 
stitute It an eiuiless rope. EFtill is the section of a box con¬ 
taining the pulley A. the bottom of this box stand up 

two tubes, e /, through which the two sides of the endless rope 
pass, and they are wide enough to admit of this without caus¬ 
ing the rope to rub against them. On the same axle with the 
pulley A. but at the outside or back of the box, is another 
pulley, not seen in this figure. From this second pulley to 
the lly-whecl passes a band, so that on turning the winch 
D, a rapid motion is immediately communicated to it, con- 
sequciulv to the pulley A, and lastly by means of the rope H 
to the pulley 11. The rope H, therefore, immediately ascends 
in one tube, and descends in the other. In ascending it car¬ 
ries up a quantity of water, a considerable proportion of which 
is thrown oil' in the box EFGll, before it enters the tube 
through which it descends. The water thus collected, runs 
in a continued stream out of the box, by the pipe L, as long 
as the fly-wheel is kept in motion. The use of the tube ej is 
merely to prevent the water, thrown off and collected in the 
box, m>m running out except at the spout L. 

In this machine, the motion of the rope should be very rapid, 
or it will not produce its best effect. A rope of horse-hair, 
about half»» inch in diameter, brought up, and discharged 
from the spout, six gallons of water per minute. \he velo¬ 
city of the rope was about 16 feet per second, and the depth 
of the well 9o feet. A machine of the same kind, on the 
round tower of Windsor castle, draws the water trom the 
depUi of 178 feet. 
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It is not esMolnil lo the eciKm of ib« oMichitit, whether the 
rope be mede ot heir or hemp, but heir it the more dureble 
material: the chief dieedeenti^ of the pump ia the greet 
liability of iJie rope to decay, from being couetefitiy wet. 


Hjfdmmik Btttam, 

la aituetione where e fell of water can be con?eniently ob* 
teined, e blowing machine may be constructed with great 
facility and at a tnding expense. Professor Venturi has giteti 
IIm following account of the applicatbn of a stream of water 
to this purpose. 

Let BCD£, Bg. 6, pi. Ill, represent a pipe, through which 
the water of a caoal AB, falls into the lower receiver MN. 
The sides of tlie tube have openings all round, through which 
the air Breeiy enters to supply what the water carries down in 
its fall. This mixture of water and air pmeseds to strike a 
mats of stone Q; whence rebounding through llio whole w idth 
of the receiver MN. the water separates from the air, and falls 
to the bottom at XZ, whence it is discharged into the lower 
channel or drain, by one or more ojH'niiigs TV'. The air 
being lea* heavy than the water, occupies the upper pail of 
the receiver, whence, being urged through the upper pipe O, 
it it conveyed to the forge. 

** I formed one of these artihcial blowing machines of a 
small sice. The pipe BD was two inches tn diameter, snd four 
feet in height. vV hen the water accurately filled the section 
BC., and all the lateral openings of the pipe IIUEC were closed, 
the pipe O no longer adbrded any wind, it is therefore evident, 
that in the open pipes, the whole of the wind comes from the 
atmosphere, aod no portion is adbrded by the decomposition 
of water. Water cannot be decomjKiaed and transformed into 
gas, by the simple agitation and mechanical percussion of its 
parts. The optnioiis of Fabri and Dietrich have no foumlation 
in nature, and are contrary to experiment. It remains, there* 
lore, lo determine the circumstances proper to drive into the 
receiver MN, the greatest ejuantity of air, and to measure that 
qugntily. The ctrcuimitancei wht<mi favour the most abundant 
pr^uetioo of wind, are the following: 

** I, i In order lo obtain the greatest edect from the aecebm* 
tioa of gravity, it ia necesaaiy that the water should hwin to 
at with the least possible velocity $ and that tike freight 
of Ifrt water FB shottla be no more than is neoeMary to hU 
the section B* 1 suppose the vertical veloetiy ofrthis aefrdott 
to be product by a atight or head equal to frC* ' 
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"*2. We do not yet know by direct experiment, ike dii- 
tanee to which the lateral commonication of motion between 
water and air can extend iUetf; but we may admit, with coti<* 
hdence, that it can take place in a section double that of the 
original section with which the water enters the pipe. Let ua 
suppose the section of the pipe BDEC, to be double the 
section of the water at BC; and in order that the stream of 
fluid may extend and divide itself through the whole double 
section of the pipe, some bars, or a grate, are placed in BC, 
to distribute and scatter the water through the whole internal 
cavity of the pipe. 

“3. Since the air is required to move in tiie pipe O with a 
certain velocity, it must be compressed in the receiver. This 
milljifesyion will be proportioned to the .mm of the iucelera- 
tions, which shall have been destroyed in the inferior part 
KD of the pipe. Taking KI) equal to one foot and a half, 
we shall have a pressure sufficient to give the requisite velo- 
cilv in the pipe O. The sides of llie portion Kl), as well as 
those of the receiver MN, must be exactly closed in every 
part, 

**4 Tht' latent! openinjis in the remaining part of the pipe 
BK, mav be so tiisposed and multiplied, j>articularly at the up- 
|H*r jtart, that the air may have free access w ithin the tube. I 
will suppose them to be such, that one-tenth part of a foot 
high of watir. iniuht b»' sulh« lent to give the necessary velocity 
to the air. at its introduction through the apertures. 

*• If the pipe i) do not discharge the whole quantity of air 
afforded by the fall, the water will descend at XZ; the point 
K will rise iii the pipe, the afflux of awr will diminish, und part 
of the wind will issue out of the lower lateral apertures of the 
pipe BK.” 


The Siphon. 

A uniform tube, bent in the form shewn at a b c, fig. 6, pi. 
Ill, is called a siphon, which instrument is in common use tor 
decanting fluids. Let KS be a vessel of water, which we wish 
to draw ofl"; the siphon must be first filled with water, then 
applying the finger to each orifice, the shorter leg is placed 
in the vessel, and the water immediately runs out at the longer 
leg c, until the water in the vessel is ns low as the orifice of 
the shorter leg a. The siphon will not act in vacuo; it is to 
the pressure of the atmosphere we are indebted for its effects. 
When the instrument, filled with water, is turned tlown a.s re¬ 
presented in the figure, and left to itself, the column of fluid 

oontained in the leg 6 c, is longer, and consequently heavier 
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than thht contained in the leg ha! and at the preature of the 
atmosphere at each orifice ia the same, the longer oolunm of 
water is not «o much resisted as the other; it therefore fiowa 
out at the orifice c, and the pressure of the atmosphere on the 
water in the vessel ItS, presses up the water at a, with the 
same rapiditv that it escapes at c. 

In the siplion, it is observed above, that the leg hr, which 
is out of the fiuid, should be the longest, and accordingly, 
siphons are always constructed with one leg longer than the 
other. It does not, however, necessarily follow, that water 
will in no case (low out of a siphon, of which the legs are 
eoual; and it may not be improper to explain the cause: 
wnatever is the real length of the leg h a, the virtual or acting 
length when in use, only extends from b to the surface of the 
fluid; because the water it contains, reckoning downwards 
from the surface of the water in the reservoir, it balanced by 
the equal perpendicular height of the column of water around 
it, and has no concern with the action of the instrument. 
Hence the making of the leg h a, mui h longer than uhat is 
requisite to reach to the surface of the fluid, is only a matter 
of convenience, to prevent the necessity of lowering the siphon 
every instant, which in most cases would be impossible, on 
account of the edge of the reservoir; and vet woubl be indis¬ 
pensable, unless the fluid always remained at the same level, 
which case rarely occurs. 

For the operation of filling the siphon, and then inverting 
It in the fluid to be drawn otf, is often substituted that of draw¬ 
ing out the air with the mouth by sucking at the orifice c, till 
the fluid conies over; but as eitber operation is ineligible with 
all fluids or large siphons, other simple contrivances have 
been adopted to eflecl the same end. Thus a slop-cock may 
be applied to each end of the siphon, which may then be 
filled with fluid from an aperture at the top; taking care to 
close this aperture before the others are opened. Or, fur 
small siphons, when the position required is the only objection 
to extracting the air from the orifice c. fig. 6, a stop-cock and 
the tube in the position shewn by fig. 7, may be used, and 
the mouth appliea at F. 

The legs of the siphon, fig. 6, are inclined from each olhet, 
while those of the siphon, fig. 7, are parallel; this difl'erence has 
nothing for its object but to shew two different forma of the 
aame instrument, and which are adopted as cooreniefice dic> 
tales. Thus the siphon, fig. 6, may be used to dtscharge 
liquor by inserting it in the hong-bole of a barrel, to which 
purpose the other would be inapplicable. But whatever be the 
fona of a siphon, the length of its legs, when in ttae* miMi he 
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measured in a direction perpendicular to the horizon ; hence 
the same siphon, inclined in different directions, will, as to its 
operation. of different lengths. 

The column of water in the leg of a siphon, being sup¬ 
ported by the pressure of the atmosphere, it follows, that when 
that leg would require u longer column than is equivalent to the 
atmospheric pressure, the water will not be raise*): water will 
not therefore rise in a siphon, any more than in a pump, beyond 
the height of iW feet. If mercury were the fluid to be raised 
by a siphon, the length of the column in tlie leg b a, must not 
exceed that of the barometer at the time; that is, about 29 or 
30 inches; which is only about a fourteenth part of the height 
to which water is raised, because the density of mercury is 
nearly fourteen times grealtr than that of water. 

Though water may be raised in the siphon to any height 
not exceeding 33 feet, yet it must be noted that the orifice of 
delivery is always below the head of the fluid iii the reservoir; 
it IS not therefore raised above its level to any useful purpose, 
indepeiuleut of that which consists merely in drawing ofl' a 
fluid. But though, while the discharge by the common siphon 
continues, no water can be taken out of the stream above the 
lowest part of the tube, yet if the two apertures at the end be 
closed, a quantity of water may be let out of the liighesl part, 
sod its place supplied by a like quantity which is ol no other 
use. The apertures might be easily contrived so as to close 
or open siniallaneousiy, and thus, at an elevation of 30 leet 
above the reservoir, a lunply of clean w ater might be obtained 
in lieu of dirty; but where the waste of water is an object, 
the contrivance is of little value. A simple method of taking 
water out of a siphon, at any height within the hiniis of the 
instrument, would certainly be a considerable acquisition in 
the arts; and the best experunents to attain this object, appear 
to have been made bv ^V'llilam (^lose, of Dalton, (see Nichol¬ 
son's Journal, 4to. vol. 4.) He supplied, in the following man¬ 
ner, the place of water drawn from a siphon. Into any part 
except the top side of a vertical siphon 8\, fig. 8. insert iwc 
•mmil pipes, and let their apertures in the inside ot the tube be 
divided oy a projecting piece aliout a quarter of an inch thick ; 
wHertver the pipes are inserted, the piece must be placed m 
such a poaition that the current will strike against one of its 
flat tides. The pipe which opens on that side of the obstacle 
or dam atruek by the stream, may be called the water-pipe, and 
that on the other aide the air-pipe. Insert their other ends 
into a veaael n w. The air-pipe opposite to a, must rise to neai 
the top of this vessel, but the water-pipe, w, need not use 
above the place of its insertion. A cock, perfectly air-iigi»t, 
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must be in eacJi pipe between the vesHiel fuid siphon: the 
vessel a w, must have a tube I in its lower part* for leiitug otti 
water; and this tube must have a cock fixed in it, or a valve 
covered with leather to close its lower end. To hasten the 
delivery of the water in this vessel, the external air may be 
admitted, in such a mannae as nmy be most convenient. 

The communication between the vessel and siphon being 
intercepted by turning the cocks in tlic pipes a w, and the 
branches of the siphon closed at their lower ends, the lobe 
may be filled with water through an aperture at the top. 
After this aperture is closed, and a stream of water let into 
the cistern C, for supplying the siphon, the ends of the 
branches may be opened, and a continued stream w tU fiow 
through the lube. 

When it is required to fill the vessel a w with water, exclude 
the external air, and open the pipes between it and the siphon. 
The vessel will soon be filled, and the water may be let out 
by opening the tube t. after tlie small pipes a m are again 
closed by turning their cocks. 

The water mav be let out of the vessel without attendance, 
by a quantity of water passing through four vessfds placed in 
the following order oi:e below another, and each provided 
with a siphon; 

I. The highest, an immoveable vessel filled in a given time. 
2. A descending vessel, suspended from a lever or a wheel, 
which turns the cocks in the tubes opposite a in its axis. 
This vessel most have a tube open at both ends, fixed tti the 
middle of its bottom. 3. A descending vessel, to open the 
valve for letting water out of the vessel a w. It must be sus¬ 
pended upon the valve by a cord or w ire passing through the 
tube, in the middle of the second vessel. 4. The lowest, a 
vessel of the same width with the second. The brim of it 
most be connected to the outside ctrcomfisrence of the bottom 
of the second, by wires or chains. 

In this arrangement, the first vessel will empty itself into 
the second, which will close the cocks in the pipes c^posite a 
and m, before air is admitted into the vessel a w. The third 
WtU be filled from the second, and the water in the vessel « w 
win he let out agsin; the third wilt deliver its contents into 
tile fourth or lowest, which will keep the codks in the small 
pipes opposite a and w close, uotU after the third vessel is 
empty, lias risen up, and the extemal'air tmn no longer enter 
tile vessel n w. Ttie fouith being then emptied by its siphon 
SY, will open. 

Tbe diameter of the second vessel should be something lest 
than eitber that above or below it The loarlh ahoiild be filled 
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before the second is empty : the third wiH descend ia&t, and 
rise first: the second ana fourth will rise together, immediately 
after the third. If the second and fourth were to rise before 
the third, the siphon would directly receive a quantity of ex¬ 
ternal air, and its operations would cease. It will therefore 
require much caution to manage the cocks and valves, if an¬ 
other vessel simitar to /i to >s to be filled while this last is 
enmtted, and emptied while it is filled. 

The vessel a tc should nut be large; and, in order to over¬ 
come the buoyancy of the extracted air, it is advisable to make 
Ute length of the descending branch of the siphon exceed the 
length of the ascending one as much as circumstances will ad¬ 
mit, and to let the lowest part of it be made of a conical diver¬ 
gent form, as from <i to 6, fig. 4, pi. 11 • Ihe velocity ot the 
stream will be thus increased, the vessel a w will be sooner 
filled with water; and the depression of the two columns will 
be less liable to happen from very slight imperfections ol aork- 
manshtp. In the octavo senes. No. 4o, of Nicholson s Jour¬ 
nal, this subject is pursued, and the description and efiecls of 
an apparatus for raising water by means of air condensed in 
its descent throujih a siphon, are given. 

In estimating llie discharge by a siphon, the head of water 
must be reckoned equal to the diflerence between the levels 
of the surface of the water and of the lower orifice. The rea¬ 
eon of this will be obvious, when, as already explained, it is 
recoUecIed that the length of the shorter leg is only lue^urcd 
to the surface of the water, however far it may reach below, 
and that, as the action of tlie instrument is dependent on the 
discharging leg being the longer ol the two, the greater the 
difterence in favour ol this leg, the greater will be the force 
employed in promoting the discharge. 

lO serve the purpose of amusement, a siphon is contrived 
to draw olf the liquor from a cup which a person holds up to 
his mouth. This device may be understood Irum fig. lb pi- HI* 
The siphon it comprised in the smallest compass possible ; its 
branches are therefore quite close; but it is necessary that, m 
proportion to the sue of the cup, it should have a bore sutn- 
cienlly wide to draw off the contents with some degree of 
rapidity. The longer leg of the siphon passes through the 
bottom of the cup. When any Huiu is poured into this cup, 
it will not run out, till its height exceeds the level of the 
aiphon’a oofvalure ; it may therelore be filled so high that the 
flu d will run out as soon as the glass is inclined in the posi¬ 
tion for drinking, and not while it is held upright; il then it 
be so filled, and presented to a person unapprised of the trick; 
the liquor will, unexpectedly to him, begin to flow out, ana 
32.—VoL. II. H 
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t]i« diwl)iirg« will »oiitiiifi« ti8 tlMB frholt dT Hts AdUl m &« 
Qup, execpi tli« inall qutntity towtAl^ betw««ftM^e oiifiew 
of the tbortor log of the »ipli<Nn wid llio botiom, !hi.|wMNeKl oC 
A vessel Ums employed, is cslfid JnBmhi/«f''s op# mm Tow* 
talus, s person wrio, in fsbuiiltis bistory, t« dsclsred to bo 
punished by the perpetual proximity of blessings he oasi 
sever reseb. 

The intermittent or reciprocating sraills which somettOifMi 
occur in natnre. and are to the vulgar ao hctuch the objects of 
wonder, are well accounted for on ^e principle of the sipbcm. 
When the water, percolating through tlie crevices of a moush' 
tain, falls into a cavity, as represented at G. fig. 10. the ouikc 
to which is only by a narrow channel or vein in the form shewn 
at H. it cannot immcdtalely make its egress at b: it therefore 
mdiecis in the imsin G. till its level there is as high as that 
of the top of the vein H; as soon as this takes place, the vein 
H. which acts as a siphon, draws off the water till the level of 
the quantity left in the reservoir G, is below tbe comiuenceo 
nieol of tbe vein at a. 


7%e SbarM Engine, • 

The hrst person who entertained the idea of employing steam 
as a motive-force, is not certsiniy known; but tlic earltetl ap» 
plication of steam to this olnect, b not carried further back, 
than the year when ao Italian, called Brancaa, published 
an account of an invention of his, in which steam ejected from 
a large isolipile was the force that wrought a stamping engine. 
Thirty-four years iflerwards, in 1663, thesMarquis of Worces¬ 
ter, a nobleman of great ingenuity, pnbltdhea a little work, 
called •* A Century of Inrentions/* in which one hundred con¬ 
trivances of bis own are emimenited: iheacoount hefumtsbes 
of each is short, and often very obse^ ; with the latter fault 
is particularly chargeable, the description he furnbhes of an 
engine for .ratting water by the force of steain* At this day, 
we have no means of certainly knowti^ whether the dtsoovety 
of Brancas was knewrn to tbgjf arquis or not; but it b not aua- 

K cted that he was TOqiiaiitfed with it, and therefore the £i)^- 
h are inclined to coiffidier the 0 f%tnal idea of the steam 
engine aa havtog arisen in their own country t the Breach, on 
the oonteary, claim it for themselves, end bring foeward .the 
Mine of Bapin $ but Papin’s applicatiott of eieiMi^eM(|M|l|^ 
fmeoh, was not'pabiisbed. till i^,'wych was 27 l-|||||fep|er 
the Iftifquis of Woraetter’s puhliosticHi. But 
aoppbsed that for Brancas. the iiari|itts,and PapifetMiNNil 
•o independent nnd original inveniaon could be 
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yet the Italtam and French have no claim to notice afterwarda, 
for following up the ideas of their countrymen i it is solely to 
the English that the world is indebted for rendering the steani«' 
engine whttt it )»ow is, the noblest machine ever invented by 
roati i—the prido^of the mechanist—the admiration of the phi¬ 
losopher.—Adimais require long and frequent periodsof relaxar 
tion from fatigue, and any great accumulation of their pow^ 
is not obtained without great expense and inconvenience; the 
wind is mutable to a proverb; and. water, the constancy of 
which is in few places equal to the wants of the mechanist, 
cannot in general be obtained on the spot where other circqin- 
sUnces require machinery to he erected. To relieve us from 
all these didiculiies, the last century has given us the steam- 
engine for a resource; the power of iliis assistant may be ac¬ 
cumulated indefinitely ; it requires but little room; it may be 
erected in ail places; and its mighty services are always at our 
command; whether in winter or in summer, by day or by night. 
It knows of no intermission but wbat our wishes dictate. 

In this place it may not be improper to say a few words on 
the properties of the agent <from which this engine derives its 
distinguishing epithet. Water is converted into steam by its. 
combiimiion with caloric. Various estimates have been made 
of the degree in which steam expands, when compared »wilh 
the bulk of water from which it was produced ; but they differ 
widely from each other: Beighton deduced from an experiment 
he raaile for the purpose, that the expansibility of steam to 
water was as 2BSo to 1; DeaaguUers stated it at 14,000 to 1, 
and the editors of the Encyclopedia Briiannica, on the authority 
of experiment, at 10,000 to 1; but in the supplement to the 
last-named work, tlie expansibility is stated to be «s 1600 to 1* 
Parke, in his Chemical Catechism, only considers it ss 800 
to 1. These conclusions are too discordant to be reconciled; 
vet nothing absolutely |lecisive can be opposed to them. 
^Ilic density of water (see page 2 of thtt volume) has been 
ealablisbed by very exact experiments, to be to air as 832 
to 1 i yet in tnaiery dense stote itt which steam issues from 
a.vessel neatly dose, the pipe of a kettle, for example, it rises 
with great rapidity in air; it it therefore mpbh Hj^ter than air; 
and from this evidence we may cottdude that ratke’s slate- 
eneht is ton inar. Again, as clouds, which arc but aggregated 
vapoum^ (though phiidfopherahavt not been able to assign the 
precise aggregation;,) arc observed at the height of 

three o»'imr mites, where the density of the air is not half of 
what Ifc it the earth, it may be supposed that the rariW of 
steam ta nt l^tt tariee aa great as that of common air. It is 
true# t^tti^lMi^tttre ta contained in the atmosphere at greater 
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heiuhti than thr«« or four niiies. but it i» probably thon in A 
•late not atmply of mechanical ftnftpenaion, but of chemical 
combination. A» to the space which steam wmil4 fill in a 
complete vacuum, it ha« no relation to the subject; if it had, 
it might be Saul without fear of error, that a drop of water 
converted into steam, would, like a grain of air, fill the uni¬ 
verse : the tendency of steam to hurst a vessel, is always leaa 
than its ahsolute force, by the amount of the atmospheric 
pressure. If then we take the density of steam, under the 
ordinary pressure of the atmosphere, to be to the density of 
water as ld(K> to 1, we shall not probably he very far wrong. 
The boiling point of water, that ts, the heat at which it is 
converted into steam, is 212 degrees of I'ahrenheii’s scale; 
and when water is heated to this degree, the vapour from it 
resists compression, or makes an elfort to expand, with a force 
exceeding that of gunpowder, and this efiorl is continued, 
though with diminished intensity as the bulk of the steam 
increases, till it has acquired 1H<K) times the bulk of the water 
that produced it; when it becomes entirely inert, and has no 
more tendency to burst a vessel*cc)ntaining it. than if that 
vessel were filled with as much common uir; fur the pressure 
of the air, and the tendency of the steam to a further expan¬ 
sion, are an exact balance to each other. From the great 
power with which steam endeavours to expand, and the in¬ 
stantaneous manner in which it exerts its energy, it is obvious, 
that if it could be directed at regular intervals against any 
body capable of motion, it might he rendered a powerful first 
mover. We shall therefore postpone any further remarks on 
steam, until we have given a general view of the manner in 
which the knowledge of the properties already developed have 
been applied. 

The first person who attempted to realixe the invention of 
employing steam, as suggested by l|ie Marquis of Worcester, 
was Captain Savary, who was so far successful, that he ob¬ 
tained a patent for his invention, towards the close of the seven¬ 
teenth century, and several of his engines were ^actually con¬ 
structed. In 16$^, he gave an account of them, in a work 
which be published, entitled the ** Miner’s F'rieiid.” About 
this period, apprehensions were entertained, that mines, other¬ 
wise of immense value, roust be abandoned, unless niore 
powerful and economical means were adopted of drawing the 
water from them; hence the moat valuable purpose, which any 
new motive-force could be employed to efiect. appeared to be 
that of drawing up water, and this object Captain Savary 
effected by steam in the following manner; a pipe deacended 
intn ^e water of the mine, and tertninated at tha top in a large 
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receiver, which may be compared to a square chest; the upper 
orifice of the pipe was covered by a valve opening upward*. 
Into the receiver opened a pipe communicating with the upper 
part of a close boiler; the boiler was about half filled with wa* 
ter, and set in a furnace, as boilers for supplying steam are at 
present, so that the requisite heat of the water could be con¬ 
stantly kept up. The pipe that connected the boiler and the 
receiver contained a cock, by which the communication be¬ 
tween these vessels could at any time be suspended or opened. 
At the commencement of the working, a quantity of steam was 
let Into the receiver, which it filled, driving out the air it con 
tained, through a valve properly situated for that purpose. 
The steam-cock was then closed, in consequence of which, as 
the receiver cooled, the steam which had entered it, condensed 
into water, and the space it occupied became nearly a vacuum. 
By this means, the pressure of the atmosphere was removed 
from that part of the water in the mine which entered the pipe 
rising from it to the receiver, and therefore, us in the suction- 
pipe of a common pump, the pressure on the rest of the surface 
forced the water to rise and fill the receiver. The equilibrium 
being thus leslored, the vulve of the pipe from the well closed 
by its own weight. The steam-cock was now opened, and the 
effect was, to drive the water out of the receiver through the 
valve at which it had previously driven out the air; this valve 
WHS in a pipe which rose perpenilicularly above the receiver, but 
commenced at the bottom of it. Thus the receiver was again 
left filled only with steam, and a quantity of water, equal to 
its cwpacity,*was discharged from the mine. In continuing 
the operation, a cock was opened which let into the receiver 
a quantity*6f water in the form of a shower; this produced a 
speedy condensation of the steam, the water rose again, and 
was again driven out as before. 

Such was the first attempt to form a powerful engine by 
the use of steam. It is unnecessary to enter more minutely 
upon the details,of an engine not now in use : its construction 
*was extremely simple, but it bad several important defects. 
As the water was raised into the receiver by the pressure of 
the atmosphere, the distance between the receiver, and the 
aurface of the water in the well, was limited to about thirty 
feel, and the discharging pipe could not be continued to any 
greet length above the receiver, without requiring a propor¬ 
tionate denaity of steam to overcome the pressure of the 
column of water which thus burdened or pressed back upon 
the receiver; thus when the column of water rose 33 feet 
above the receiver, the steam required was equal to the re- 
ststabde of two atmospheres. Indeed, the highly elastic torce 
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of Ute &tcaia which^tbe en^iao requircci* frequently buret the 
ves««l». Anotber great deteet, ako, w«» the rapid destruction 
of steam by its coming into contact with the cold water in the 
receiver, ttte oontcuta of wiitch were slow in yielding to its 
pressure; and with the rapid deairuotion of steam was necea> 
sanly connected a heavy demand for fuel. 

About the begtnotiig of the last century, that is. a few ysara 
after the publication of the ** Miner's Friend." Newcomen, an 
iroomonger, and Cawley, a glamr. of Dartmouth, in Devon- 
shire, conceived the idea of improving Savary's engine; but 
their exertions terminated in the adoption of a new principle, 
of memorable consequence in the history of this invention. 
They were satisfied, notwithstanding, to divide with Savary 
the benefits likely to accrue from thtir iniprovemeuU. and in 
1706. a patent was obtained in which ail Uiree were joined; 
it was not, however, till 171i2, that they had msde any very 
material progress in overcoming the various difficulties uhicli 
impeded iheir progress. Savary's engine, we ha%*e seen, raised 
water by the torce of steam acting directly upon the water; 
Newcomen's engine raised it by the pressure of the atmosphere, 
which was rendered efi'eclive in a very powerful degree; a 
boiler for producing steam was uned as m Savary's engine; 
there was also a steam-pipe which opened into the bottom of 
a hollow cylinder; the entrance of the steam into the cylinder 
could at any time be cut off. by sliding a fiat plate over that 
eo4 of it which entered the boiler, and this motion was easily 
effected by an external handle connected with the plate. To 
tbexylinder, which was open at the top.^was adapted a solid 
piaion, which slid up and down in it. and was rendered air¬ 
tight by a stufiiug of soft materials on its circumference. 
Suppose, in one of these engines, the piston to be at the top 
of the cylinder, a quantity of steam from the boiler is let in, 
and fills the space below it; the air phtch the cylinder con-, 
tained being driven out by the auperioA force of the steam, 
through a valve made for that purpose. As soon as the i y- 
lioder is filled with steam alone, a Jet of water from an ele- 
vmlad reservoir, enters at tlie holtomi the cylinder, and Uie 
ateam is immedistely condensed. As the pressure of the at- 
uouphere on the upper side of the piston is equal to fifteen 
pounds upon every square inch, the counterpoise to this pres¬ 
sure afforded by tne ateam, is no sooner removed by the con- 
dmisation. than the piston rapidly fsUa to the bottom of the 
cylinder; for thewvater injected,and that produced by thacon- 
deosution, are not only of little bulk compared with the whole 
cupAcity of the cylindiw. but are carried off by a pipe Irinn the 
bottoBixf it. The steam-pipe being now reopened, tbe piston 




HTDBOSTATICS AND HTDRAULICSi 


id3 


H|4f«ttU(A. Sn w i'Hi g hiP . 


again rtaei, bacavae the elasticity of the eteam which impels 
it, exceeds the atmospherie praisare ; hot when the steam is 
condensed again, the piston falls a second time as rapidly as 
before. Having thns obtained a reciprocating motion, New-» 
comen applied tt to the working of a forcing-pump, by the in* 
tervention of a great beam, suspended on gudgeons at the 
middle, and swinging like the beam of a balance, and this part 
of his engine is in use to this time. A rod from the centre of 
the piston was attached to one end of this beam, by a short 
piece of chain; and to the other end, by a similar piece of 
chain, connected the rod of the forcing-pump; every 
time, therefore, that the piston sunk in the cylinder, the rod 
of the pump which extracted the water from the mine, was 
drawn up; and as this end was purposely made heavier than 
the piston end, the piston rose when the steam was let 
under it, Although this steam might have so little elasticity, 
as only to be just a rounterpoise to the weight of the at¬ 
mosphere. 

Whatever objections might be urged against Newcomen’s 
engine, if critically examined at ibis day, still it was a 
great effort of mechanical genius, and he must ever be con¬ 
sidered as substantially tlie invent.»r of the steam-engine, and 
ns having presented to the world a machine of which the 
power is unlimited; for it is obvious, that by enlarging the 
siie of the cylinder, Ahe atmospheric pressure upon it may 
be made to exceed, in any de^ee rpe^uired, the weight of 
the column of water to be raised. Ihe alterations which 
have been made in the construction of steam-engines, since 
the time of Newcomen, although they have required much 
ingenuity, and have made prodigious accessions to the conve¬ 
nience of the engine, can only be considered in the light of 
improvements. Two very material improvements, however, 
introduced by Watt, we must particularly specify, 1. that of 
making the steam itself depress the piston instead of the pres¬ 
sure ot the atmosphere: 2. That of condensing the steam in 
a teparate vessel.* Further we can do little more than c^- 
serve, that the steam-engine, as now constructed, is not the 
work of any single individual, but the aggregated product of 
the exertions of the most eminent engineers who have flourished 
during the last century. It would require a volume to discuss 
the claims of individuals, and assign to each his due meed of 
praise. We shall therefore proceed to the more useful task 


• A ri*i» to Ums firit ttmagM of tbi« impro^cmcDt, i* *opportc<J on Inhall "( 
Oninilwrpa^, a broibor of IU« pninler of ibM ntme, ond it bw been inierlcd ib«i it 
»niTcptilio«*ty revealed to Walt. See Crogorjr’a Meebaaioa, vol. X. 
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of cont'isely describing a modem ttesm*engine, observing oiity» 
that the judicious arrsitgements in ils coostruetion» are m f»re> 
sent abty seconded by the highly advanced slate of the msnuai 
arts ; for the mechanical excellence of the workmanship of the 
parts, is in such an engine an object of primary importance. 
Dewcumen and Cawley had not this advantage; turning, bor¬ 
ing, and other methods of producing regular forms in iron and 
metals generally, were then in a very tow state; and their 
power of invention, as well as that of the performance of 
their engine, was thus considerably narrowed. It was not 
to be expected that they could carry to perfection at once, 
the various processes of workmanship, upon which much 
of their success depended. At the same time, lliere can 
be no doubt, that the necessity for improved methods of exe¬ 
cuting the workmanship of the steam-engine, has been one of 
the principal stimuli which have led to ihe niost'isucccssful 
changes, and which have benetilsd every other department 
requiring manual skill, or substances formed with the strictest 
mechanical accuracy. 

Manufactories of steam-engines are now very numerous, 
particularly in those districts where machinery is much re¬ 
quired, and almost every where they are constructed with 
tome dirterenccs. We have been favoured with the an¬ 
nexed representation, (see plate, Sicant^ngine) from a 
Hodse, in our application to, which we had been directed 
solely by the celebrity they have derived from an active 
Attention to whatever could contribute to the value of their 
engines. 

A, the boiler, nearly three-quarters full of water; the 
bottom is considerably, and the sides a little concave, that it 
may receive more fully the force of the flame circulating round 
it. Boilers are usually of an oblong form, and are furnished 
with a part that takes ofl*. in order that a person may get in 
to clean them when needful ; they have also a valve, called 
the safety-valve, opening upwards, which is loaded so thst the 
A^m escapes when it is stronger Uian the engine requires. 
AM, if retained, would hazard Uie bursting of the boiler. It 
is not uncommon to have iwp boilers, one of which is a re¬ 
serve, that the engine may not be stopped, when ihe other 
requires repair. 

B, is an opparatus for regulating the Are, and giving action 
to a bell, which regulates the quantity of coals and time of 
firing. 

C, the steara-pipc from the boiler A to the valve 1. 

D, iteam-eyfinder, generally called only ** the cylinder 
it ti coonected at the top and bottom with the valve I. 
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E, the ptttoo, vrhfch, by its connecting rod «, gives motion 
to the beam F, the other end of which, by another connecting 
rod, gives motion to the heavy f]y>wfaeel G, by means of a 
crank. Thus, after the engine has begun to work, its power is 
accumuiated in the fly-wheel, and may be disposed of at the 
pleasure of the mechanist. 

H, an eccentric circle* on the axle of the flyvwheel G ; it 
pves motion by its levers, in a manner easily understood by 
miction, to the valve I. 

I, a cofler'slide valve, which requires no packing to make it 
•team-tight, as there is always a vacuum under it; it answers 
the putposc of the four valves used in double-power engines, 
and from the simplicity of its consCruction, when well made at 
first, is not liable to get out of order. 

K, the steam-admission valve and lever, connected with a 
governor, which regulates the speed of the engine. 

L, the cylinder of the discharging pump, for extracting the 
Water and uncondensed vapour from the condenser M. 

N, a small cistern, filled w ith water. Into tiiis cistern enters 
a pipe from the condenser M, the top of which pipe is covered 
by a valve, which is called the tiow-valve, or soiue.liroes the 
snifting-valve. Through this valve, the air contained in the 
cylinder I), and passages from it, is discharged, previously to 
the engine being set in motion. 

O, the eduction-pipe, which conducts the steam from the 
valve I to the condenser M- 

F. the pump which supplies with water tlie cistern SS, ia 
which the condenser and discharging pump stand. 

QQ, iron columns, of which the engine has four, alUiough 
only two are shewn; they stand upon one entire plate seen 
edgeway, on which the principal parts of the engine are fixed; 
by this means the beam and its accompaniments are supported 
without being connected with any part of the building, except 
the recess below the floor on which they stand. 

RR, the nxess below the floor, for containing the cistern of 
the discharging-pump, condenser, See. This arrangement en- 
ubiea those engines to be fixed up and tried at tlic manufactory 
before they are sent otf, which renders the refixing easy and 
certain. Engines are made according to this plan, from the 
power of one to twelve horses. 


• Mrcljauie# di«lb|ni{<ih by lh« a|^i«ll»tioa of "eoceotric cirole," » whe«l. (In> «xlo 
of wliiob i» ni«d« to psw, »ot ibroogb iU roo) eeolr*, but on one *id« of iu 
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Before the eng^iiie is set to work, the cylinder 1>, the con¬ 
denser M. and the passages between them, are filled with com¬ 
mon air, which it is necessary to extract. To edeci this, by 
opening the valves, a commanication is made between the 
stesni'pipe C, the space below the piston in the cylinder I>» 
the eduction-pipe 0, and the condenser M. The steam will 
not at first enter the cylinder 1), or will only enter it a little 
way, becaase it is resisted by the air; but the air in the edttc- 
tion-pipe O, and the condenser M, it forctblv drives before it, 
and this part of the air makes its exit throu>rh the valve and 
water in the cistern N. The stoam-adnii&siun valve is now 
dosed, and the steam already admitted is converted into wsiirr, 
partly by the coldness of the contleiiHer M. but principally by 
a j» t of cold water wliich enters it lbroni;b a cock op» ning 
into it troni the well Si>, m which the cuiideiiscr is imnicrsitb 
\V hi n this steam is condensed, all the space it occupied would 
be a vacuum, did not the air in ihccyliinb r 1> expand, and till 
all the space that the original quantity of it ftlb d ; but bv the 
repetition of the means for extracting a part of the air, the 
remainder is blown out, and tin* cylinder becomt-s tilled with 
steam alone. Suppose then the cyliniJi r h*'rn'ath the piston 
to be filled with steam, and the further adnituMou of stcum to 
that part of it be cut off, while the coniniunication bctixeeri 
it and the condenser remains open, it is obvious that there 
will soon be a vacuum in the cylinder, because as f.ist as the 
steam reaches the condenser, it is converted into water bv 
the coldness of that vessel and the jet plavin^/ within it. .At 
th is moment, therefore, the steam is adnuftMl almve the pis- 
tton, which it immediately presses down. .Vs soon as the pis¬ 
ton reaches to the bottom of the cvbnder. the steam is ad¬ 
mitted to the under side of it. and as the romiminication from 
the upper side of the pi.slon to the condenMcr is opened, wiiib* 
the further admission of steam to that side during the upper 
stroke, isi prevented, the steam which had pressed tlie 
piston down pas.scs into the condenser, and i» convertetl 
into water. 

The motion of the piston E, by this alternate admission and 
ettractum of the steam on each side of it, is thus necessarily 
continued, and the distance of its upward and downward range 
is called the length of its stroke. It comniunicales its recipro¬ 
cating motion, by the connecting rod e, to the gieat beam F, 
and thence, by another connecting-rod and a crank, to the fly¬ 
wheel Ct. 

To explain the rapid accumulation of power with an increase 
of the 9i*c of the engine, it most be observed, that the force 
of the steam generally used, is tomewiiat greater than the 
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jtressurc iif Uie atmosphere; but supposing it to be no greater, 
as the atmospheric pressure is fifteea pounds on each square 
inch, a nistcMt 10 inches in diameter, containing 201 square 
inches of surface, will alternately be raised and depressed by 
a force e<|uivuieiit to a weight of ilOio pounds. Here no allow¬ 
ance U made for friction, but alter the rt-ijuisite deduction on 
this account, which may Im; reckoned at one third, the dispos¬ 
able part of the engine, derived from each stroke, will still be 
very great. 

The condenser M, and the discharging-pump L, communi¬ 
cate by means of a borisontal pipe contiuning a valve y open¬ 
ing towards the pump ; the piston, /, of this pump, also con¬ 
tains two valves, and the cistern T, at tiie top t'f the pump- 
cyhndcr, contains i»ther two valves, winch, like those of the 
pist'Oi /, open ujivrards. \N ht ii the piston H of the c\linder 
IS depressed, the piston /, of the discharging-punip, it will be 
obvious to inspection, is depressed hkewi-.f, and its vaiveft 
open, while the valve y closes; In nee tin; water from tlic con¬ 
densed steiun, as well us the injection-water, and any penna- 
m ntlv elasUc vajxnir t*r gas, which may be prc-sent, having 
puHHrd tiirougli the valve v, pusses lliroiigli the piston /; and 
v^hl^ that pntun is ilrawn up, its valves rb'se and prevent 
then return. a> in ordinaiy juniip-w ok. Tiie, watei and gas 
tiiat li.ive thus got abovr tin* j>i«<ti'ii, as the 1 itter rises, open 
tin- valves at tin- butlorn of tin eist. ni 1’. in whn li the water 
leinaiiis till it is full, but the gas jMsse.s into t)te atiiio- 
splnre. As the water lu the cJsti in i is in a veiv liot slate, 
il is sometimes, for the puipus** of eeonoiur/ing fuel, pumped 
up ami itiuriud to tin- boiler, the pump-ru*! being attached to 
the gnat in am. liie utililv of the disch irging-pump L, will 
now l*e appiecntied, and if must be per« e!vetl how much more 
matenallv It (Mutributes to the perfection ot the vacuum in 
thecNbiubr 1>, than if the waler from the cuiideiistr merely 
ran oti by a pipe. 

'I’lie stt aiii eonftautlv rushing into the condenser M, has a 
perpetual fendenev to heat that vessel, as well as the water iT 
tbe ei>terii S.'s, in who h it stands; the whole of the steam, if 
this were uiK'hecked. would not be condensed, or the eoiuiensa- 
tion would not be sutUiienlly rapnl. because the uijection- 
water itself flows out of tins cislein. A pait of the water i# 
theiefore allowed to flow fiom this eistern by a waste pipe, 
uml an equal quantity of coUl is constantly sujiplied by the 
pump 1*. 

In Newcomen's engine, which, as it acted hv the pressure 
«( tlie atmosphere, is often called an atmospherical tuginc 
the cylinder was open at the top, and tlieretore, during the 
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descent the pifiton, the «tr exerted a great power in cooling 
it; but in ilie modern eirginea, where «team i« the active power 
both in raising and depressing the piston, the top of the cy¬ 
linder IS closed %vith an iron lid. and not an atom of steam can 
escape, except at the proper lime, into the condenser. In order 
that the connecting rod c, may work fre« ly, and yet possess 
this desinibje property of being steam-tiglit. it passes through 
what is called a or pic At eg bur, 'I'his stutting consists 

of some material which the steam will rather adapt toitsoftice 
than injure ; leather, which is used for the stulhng or collars 
of machines never to be subjected to heat, will not answer 
here ; hempen yarn is the material osualiy employed. The rod 
of the piston /, passes toroogh a stufling box of the same kind 
a« that of the piston E; and the pistons ibemselves are sur- 
rounded with stulhng. 

The cylindtr D is surrounded by a ease, to keep it from 
being cooled by contact wiili the external air. The extremity, 
or any given point removed fromuhe centre of the great beam, 
can describe only the arc of a circle; l»ut it is necessary that 
the ro<i c should rise and fall rertuaily. Newciiiwen 

effected this object, by making the end of the beam mtvi the arc 
of a circle, the ridius of which was equal to the distance from 
the centre ot the heam ; a chain went over this arc, and was 
fastened on the higher end of it; this simple conlriraiico 
effectually answered his purpose, because lu hi:* engine the 
effective stroke was only downwards ; but here, in a double¬ 
power engine, where the ‘•iroke Is bolhujiwards and downwards, 
a chain would yield in using, and be altogellu i unsuitable. An 
apparatus is iherefore used, culled the parallel jojut, which i« 
easily understood bv iusprctioiu Hy this means the rod c, not 
only rise?* and falls perpendicularly, but is {u rliclly rigid, and 
coimnunicates all its motion to the great beam m each direc¬ 
tion trf Its ni(*t!on. I he connecting rod g dues not rerpiirt the 
same cootiivanc<*, because it does not rise and tall pcrneiidi- 
culnrly ; its b»wer end, with’the outer end of the crank, de- 
acribing a rir< le : it has therefore only a simple joint, admitting 
of this d* vMiir n. 

In order to communicate a rotary motion to the ffy-wliecl, 
instead of the crank may be used a contrivance giving twice 
the rapidity to the tlv. For thin purpose, on the oulsidt* of the 
axis of the tlv. where the crank is shewn in the phite, a ainali 
tootherl wheel is fixed, and can only be moved with the fly; 
at the extremity of the rod g, and on that side of it which is 
next the fly-wheel, another toothed wheel is fixed, in such a 
manner that it cannot turn round on its axis, but must rise anrf 
fall with the rod to which it is attached. These two wheebi 


HironOSTATfCS akd hydraulics. 


139 


. i . i .1 1 ■ i w , — m . 1 ■ ■ ■-1 .i -m ■i.... 1 , ■■ m .■.i . ■— 

work in each other, and that attached to the connecting rod 
cannot leave its fellow, because their centres are connected by 
a strap or bar of iron. When, therefore, the connecting rod 
rises, tlie wheel upon it moves round the circumferenoe of the 
wheel upon the axis of the fly. liy this means the fly makes 
an entire revolution for every stroke of the piston, and some 
mechanics arc apt to think that they are great gainers by such 
an arrangement: the contrivance is certainly a very elt gant 
one, but wuh respect to utility, tlie fact is, that a crank is pre¬ 
ferable ; for it is more simple, cheaper, and less likely to be 
out of <»rder, while, if the fly be large enough to receive, with 
less velocity, all the momentum that ^ be communicated to 
it, the effect will certainly not be infewnr. 

Scarcely vear passes away without bringing forth some new 
patent for the improvement of the steam-engine. Among the 
proposed improvements winch appear of the most promi.sing 
luilure with regard to tlie two important points of increasing 
the power of ^team-enginc#|*land lessening the expense of the 
fuel tin y require, niav be placed the discoveries of W oolf, to 
which we shall advert as a conclusion of this article, as it 
comproies » new view of the properties of hteam. It had been 
ascertained bv Watt, that the steam which acts with an ex¬ 
pansive fbri’e of 4 pounds per squari' inch, against a salety- 
valve exposed to the atmosphere, after expanding to four times 
the volume it then occupies, is still eqpial to the pressure of 
the alino*.phete, hut Wui>lf, carrying his investigations (arther, 
diNcovi reo that steam having the force of o, (i, 1 . H, 9 , ! 0 , &c. 
pounds on everv sijuare inch, after expanding to .>, b, /, H, 9, 
10 . &c. times it's bulk, will still remain equal to the atmosphe¬ 
ric pressure. provided the cylinder in which the expan->ion 
takes place has the same temperature as the steam before it 
began to expand ; and also that this ratio is progressive, and 
nearly if not entiiely uniform, so that steam of the exjiansive 
f<»rce of tvventy, thirty, fortv, or fifty pounds the square inch, 
will expand itself in the degree that expresses this force, ^low 
the advantage to be derived from these fiict.s consists in this, 
that tbe augmentation of the steam s expansive force, increases 
fa«t|#’thairthe coni of the fuel or degrees of heat by which it 
is maintained. At the temperntuif of *212'^ of bahrenheit, the 
force of steam is jiist equal to the pressure of the atniosphere 5 
l)Ul by iho of hrat, th^ will bf*. ob* 

lained, which are detailed in the following table : 
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In ihe saoie manner, Hy »ma|} a<i«iilians nf leioperatnre an 
expenttive power may uiveti t0 ateain equal lu from 4(t to 
•1<K> lm»e» tU bulk, or in my oifcrtr proporltow i bul ihe ^trenjzih 
of the ee«»eb,ai»<i care requtaite ia the iaa«ai:jriuent of u, w ill 
diciiite rt?aM:»nable Itiutta to the Miiclteat appla afiou ytf u. \\"c 
ahaU now take so much IVom the KpectficatuHi of ilu 
appropnatjug these dtacoi'cries, at may explaoi th«- m ^ an 
provemt nts; 

" If/’ says the PateuU'e, ** the engine be roiKtructeti on 
ginuMy wuh the intention of a<h>|.>ting my sanl unproverm ui, 
It ought to have two steam-vctstIs of diderent Utinrn-»ionH. 
according to the temperature 01 the exoaiisjve forct titteiunnod 
to be coinmunu alfd to t]»e steam luaue use <*f lu wo»ktng tlie 
engiru ; h«r t!u; siuafkr sleam-ve»s*4 or cylinder must !u a 
measuie tor the larger. For C'Xamfde. ifslcainof forty jHMjn/s 
the square inch ts lixecl on, then the amaUer et< am v.>...el 
«ht>ul(l he lit least oi»e-fortirth part tvf the coi.t' j !h <4 tin* 
larger one; each steani-ves»ei should he h.iiusln-d u*th ** !'’"• 
ton. anti the sinaHer cyhndcr shouki haw a eommutneatton 
both at iiH lop and holtont (top and hutium being^,}i«re < Ui 
|)loyed merely as lehitive terms, for the may he 

irorkefj in a horizontal or any other requio d as wt li 

lihi AMJttksai,) the mnall cylintier, I say, should nave » cotinmnn- 
«fi(tott bt‘th at its top and bottom with the Wilcr which >up- 
|dies the steam ; which commuoications. hy timatis of cocks or 
sahes of suiy construction adapted tci tlie inie, are to beuitf.r- 
imlfdy.t^pened and shut during the working of the engitie. The 
of ti»c swrull cylinder should have a conimunicaltoir with 
the bottom of the larger eviinder# and tlie bottom of the 
eoiaUer one with the lop of the larger, wiili proper means to 
opetr and shut these ailernately by cocks, valves, or any other 
wcdl-kiiown contrivance. And both the top and bottont of the 
larger cylinder or steam-vessel should, while the cog^e ia at 
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work, coromunicttte alternately with a condensing^ vessel, into 
which a jet of water ia admitted to haateti the condensation^ 
or the eofidenatng veaael may be cooled by any other means 
calculated to produce that effect. Things being thus ar« 
ranged, when the engiae is at work, steam of high tempera¬ 
ture is admitted from the boiler to act by its elastic force on 
one side of the smaller piston, while the steam which had last 
moved it has a communication with the larger steam-vessel or 
cylinder, where it follows the larger piston now moving 
towards that end of its cylinder which is open to the condens¬ 
ing vessel. Let both pistons end their stroke at one time, 
and let us now suppose them both at the top of their respective 
.cylinders, ready to descend ; then the steam of 40 po»iiuis the 
square inch entering above the smaller piston, wdl carry it 
downwards, while the steam below it, instead of being 
allowed to escape into the atmosphere or applied to any 
other purpose, will pass into the larger cylinder above its 
piston, which will take its downward stroke at the same time 
that tlic piston of the small cylinder is doing the same thing, 
and while thii^ goes on, the steam which last filled the larger 
cylinder, in the upward stroke of the engine, will be passing 
into the condenser to be condensed during the downward 
stroke. When the pistons in the smaller and larger cylinder 
have thus been made to descend to the bottom of their re¬ 
spective cylinders, then the steam from the boiler is to be 
shut olf from the top and admitted to the bottom of the 
smaller cylinder, and tW communication between the lx,-tom 
of the smaller and the top of the larger cylinder is also to be 
cut off, and the comma mention to be opened between the top 
of the smaller and the bottom of the larger cylinder ; the steam, 
which in the downward stroke of the engine filled the larger 
cvhnder, being now open to the condenser, and the commu¬ 
nication Iwftween the bottom of the larger cylinder and the 
ctmdenser shut ofi‘; and soon alternately, admitting the steam 
to the different sides of the smaller piston, while the steam 
last admitted into the smaller cylinder passes alternately to 
the difi'erent sides of the larger piston in the larger cylinder, 
ihejop and bottom of which are made to communicate alter¬ 
nately with the condenser. 

“ fn an engine working with the improvements which have 
been just described, while the steam is admitted to one side 
of the piston in the smaller cylinder, the steam on the other 
side has room made for its admission into the larger cylinder, 
on one side of its piston, by the condensation taking jilace 
'on the other side of the large piston which is open to the 
condenser; and that waste of steam which takes place in 
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engines worked only by the exfitiitite foroe 

steam passinjij; the piston, it preYtnted} for *11 tb« iUctwn iImA 

passes the piston in the emaller cylinder it receifid Imo the 

larger, - , , , 

Various modihcetiont of the meenf km era tben pcin^ oni 
by the Patentee, to twit particular occtaiotit or eontCi^iice { 
aud with respect to the important point of preTenftnjp ,deilftr 
from the employment of ||ighly rarched steam, he obterret in 
the specification of his second patent: I havefonnd tmteod 
invented a contrivance, by which the temperature of thetteam* 
vessel or working cylinder of a steam>eiigine, or of the aleam- 
vessels or cylinders where more than one are need, inay be 
raised to any required temperature, without admtlliii^ aleaiii 
from the boiler into any surrounding receptacle, whether 
known by the name of a «team>case or any other denofnination 
That is to say, instead of admitting strain of a High temper- 
atnre into such receptacle or steam-case, which is always 
attended with a risk of etplosion proportioned to the elasticity 
of the steam employed, I put into the said stirrotinding recep¬ 
tacle, or case, oil or the fat of animals, or wax, or‘other sub¬ 
stances capable of being melted by a lower temperature than 
the heat intended to be employed, and of bearing that heat 
without being converted into vapour: or I pul into the said 
case or cases mercury or mixtures of meuk, as of tin, bismuth, 
and lead, capable of being kept in a sUte of fustcm in a lower 
temperature than that intended to be employed in working 
the steam-engine: and 1 so form the surrounding case or 
oases as to make it or them admit the aforesaid oil, or other 
substance eaquloyed, to come into contact not only with the 
sides of the steam-vessel or vessels, or working cyfinder or 
cylinders, but* also with the bottom and top of the same, so 
that the whole may be as much as possible maintained at one 
uniform temperature ; and this temperature I keep up by a 
hre immediately under or round the case or cases that contaia 
Uie aforesaid oil or other hubstance, or by connecting the said 
case or cases with a separate vessel or vessels, kept at a 
proper temperature, filled with the oil or other substance made 
use of Bs aforesaid. In some circumstances, or wlienevef’ the 
same may be convenient or desirable, 1 employ the Huid 
metals, or mixtures of metals, in the part of the cate or vessel 
exposed to the greatest action of the hrc. and in the parts lesa 
exposed to the action of the hre, 1 put oil, or other substances 
capable of bearing the requisite heat without being converted 
into vapour. 

** By this arrangement and method of applying the tuirouiid- 
ing beat, I not only obviate the necessity of employing tieain 
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of A gi^t expansivA force round J.be »tearo*ve»8el or veiuiei«, 
or Che wof%ing cylinder or cylinders, a« already mentioned, to 
maintoin tliem at the temperature required, but I am enabled 
to obtain from steam of a comparatively low temperature, or 
even from water itaelf, admitted into the 8teain*ve88et or ves* 
aels, alt the effecta that esan be obtained from steam of a high 
temperature, without any of the risk witb which the production 
of the latter ia accompanied, not oid^ to the boiler and other 
pant of the machinery, but even to foe Uvea of the workmen ; 
for such low eteam, or even water (but in every case steam ia 
preferable) being admitted into a steam-vessm^r vessels, or 
working cylinder or cylinders, kept at the requisite higher 
temperature by the foremenlioned meaus, will there be ex¬ 
panded in anv ratio required. and produce an efiect in the 
working of the*engine, which cannot otherwise be obtained 
but at a greater expense of fnel, or w’ilb the risk of an explo¬ 
sion. By this means 1 can make use of steam expanded in any 
required ratio, or of airy given temperature, w ithout the neces¬ 
sity of ever having the steam of any greater elasticity than 
equal to the pressure of the common atmosphere. 

** Another improvement which I make use of in steam-en¬ 
gines, consists in a method of preventing, as much as possible, 
the passage of any of the steam from that side of the piston 
which is acted upon by the said steam to the other side w hich 
is open to the condenser; and this I dfect in those steam- 
en^tes known by the name of double-eiiEines, by employ¬ 
ing upon or abovfrthe piston mercury or fluid metal tjr metals 
in an altitude equal to the pressure of the steam. The efficacy 
of this ai^ngement will appear obvious, from attending to 
what must take place in working such a piston. When the 
piston is ascending, that is, when the steam is admitted below 
the piston, the space on its other side being open to the con¬ 
denser, the steam endeavouring to pass up by the side of the 
piston is met and effectually prevented hv the column of metal 
equal or superior to it in pressure, and during the dovinstroke 
no steam can possibly pass without first forcing all (he metal 
through. In working what if called a single-engine, a less 
considerable altitude of metal is required, because (he steam 
always acta on the upper side of the piston. For singly 
engines, oil or wax, or fat of animals, or similar substances, m 
sufficient quantity, will answer the purpose, if another im¬ 
provement, which constitutes part of mj' sSid invention, be 
applied to the engine, namely, to take C4ire that in either the 
double or single engine so to be worked, the outlet that 
veys the steam to uie condenser shall be so posited, and of 
such a sixe, that the steam may pass w ithout forcing before it 
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or carrying with it any of the metal or other snhatance cra- 
{tloyed that may have jpassed by the piston; taking care at the 
same time to provide another exit for the metal or other sub¬ 
stance coUect<ra at the bottom of the ateam-vessel or working- 
cylinder to convey the same into a reservoir kept at a proper 
heat, whence it Ts to be conrcved to the upper side of the pis¬ 
ton by a small pump worked by the engine, or by any other 
contrivance. In oraer t||at Che fluid metal or metals used with 
the piston may not be oxidated, I always keep some oil or other 
fluia substance on its surface, to prevent its coming in contact 
with the atmosphere; and to prevent the necessity of employing 
a large quantity of fluid metal, 1 generally make my piston of 
the depth of the column required, hut of a diameter a fiule less 
than the’sleam-vessel or working-cylinder, cxijepting where the 
packing or other fitting is necessary to be applied ; so that, in 
fact, the column of fluid metal fortns only a thin body round the 
piston. In some cases I make a hollow metallic piston, and ap¬ 
ply an altitude of fluid metal in the inside of the same to press its 
outside into contact with the steam-vessel or working-cylinder. 

*' It may be necessary, however, to state, that in applying 
my improved method of keeping the steam-vessels of steam- 
engines at any required temperature to the engine known by 
the name of Savary’s in any of its improved forms, in which 
a separate condenser has been introduced, I sometimes em¬ 
ploy oil, or any other substance lighter than water, and capa¬ 
ble of being kept fluid in the temperature employed, without 
being converted into vapour, in the upper part of the tulie or 
pipe attached to the steam-vessel; by which means steam of 
any temperature may be used without being expend to the 
risk of partial condensation by the admission Of any colder 
body into the steam-vessel; for the oil, or other substance 
emploj’ed for this purpose, soon acquires the requisite tem¬ 
perature.; and to prevent unnecessary escape of heat. I con- 
•ttruct of, or line with', an imperfect conductor of heat, that 
part of the tube or pipe attached to Uie steam-vessel which 
may not be heated exteriorly. And fnither, (as is already 
the practice in some engines, and therefore not exclusively 
claimed by me,) 1 cause the water raised by the engine to 
pass off through another ascending tube than the one attached 
to the steam-vessel, but connected with it at some part lower 
than the oil or other substance employed in it is ever suffered to 
descend to the working of the engine. The improvement which 
1 htvf just mentioned, of introducing oil into the pipe attached 
to the steam-vessel of such engines, may also be introduci^ 
without applying heat externally to the steam-vesHel; biitinthis 
case, part of the effect which would otherwise be gained is lost.” 
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Abstract of llvuRosTATtcs amo Hyoracucs. 


1. A fluid IB a body whose particles yield to the least effort 
of iiartidl pressure. 

^ Floidity is attributed to the a^ocy of caloric, which se> 
parates the particles of bodies from each other, %afid lessens 
their atiracUon of cohesion. 

d. Water will pass through the pores of gold rather than 
suffer compression, and appears to be very nearly inelastic. 

4. Fluids press i« all directions equally. It is by the artifice 
of preventing the regular action of this law, that the heaviest 
metals may be made not to sink, and the lightest woods refuse 
to swim in water. 

5. A fluid presses in proportion to its perpendicular height, 
and the base of the vessel containing it, without regard to its 

Q uantity. On this property is founded the hydroslatical para- 
ox, where a few ounces of water support a weight of several 
hundred pounds. 

6. By spedjic ^ravUies, are meant the relative weights of 
equal bulks of difleient substances. 

7. This relative weight is generally compared with water as 
a standard. 

H. A balance constructed purposely for taking specific gra¬ 
vities, is called a htfdroMtatic halancc. 

9. Instruments for taking the specific gravities of fluids 
without'weighing them, are called htfdrometers. 

10. Platina has of all bodies the greatest specific gravity, 
and is therefore the heaviest body known to exist. 

11. The weight of the quantity of water displaced by a 
swimming body, is exactly equal to tbe whole weight of that 

body. . . 

12. The diving-bell, is a vessel which carnes down with it 

into tbe sea. a supply of air to support life. 

13. The velocity with which water flows out of a vessel, is 
as the square root of the distance of the aperture from the sur¬ 
face of the water : and is the same with that w hich would be 
acquired by a body in falling from a height equal to that be¬ 
tween the surface and the aperture. 

14. In bended pipes, water will always nse to the level ot 
its source, but a jet of water will not flow so high as the sur¬ 
face of the water in the reservoir which supplies it; nor will 
it in any case rise higher than 100 feet. 
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15. When tbt head of water ts notmaintaiiiftilb the i|uaiitity 
discharged by an aperture»wtUonly beone-haSf ofwhat Uwoultl 
be if the level were always preserved. 

16. The velocity of running water is different at diff*ereat 
depths i but it is generally about iune>leothsof the aoperfidal 
velocity. 

17. A wove runs its broadtb in the time of two vibrations of 
H pendulum equal to one*fourth of the transverse length of the 
wave*s two sides. 

18. The ihinne&t coating of oil will prevent the effect of 
wind upon the sea. 

19. A sucfcing'pump depends on the nretsure of the atmo¬ 
sphere, and will only raise water to the height of 33.feet. 

20. The lifting and forcing pumps will raise water to any 
height, if the force be sufficient. 

21. An uir^mi is added to a forcing-pump, to equalise the 
stream. * 

22. A pump may he so constructed that it may be used ot - 
casionally os a fire-engine. 

23. In De la Hire’s pump, a constant stream of water is 
produced by the use of two barrels. 

24. The screw of Archiimdes is a tube wranped round a 
cylinder in the form of the thread of a screw, when used, »t 
IS placed in an angle with the horitou of between 4%» and 60 
degrees. 

The spiral pump, is a tube coiled round a cylinder with 
the successive coils upon itself. Its a%i» is horixcuital, and it is 
connected with a vertical pipe, through which the water is 
raised. 

26. A rope pump, w hich consists of a rope rapidly revolving 
over two pulleys, one of which is at the top and the other 
in the water of the well, is useful for drawing water from great 
depths. 

27. A stream of water pasting through a vertical pipe with 
several lateral apertures, will carry along with it a Quantity of 
air; and if it fall upon a block of stone in a covered receiver, 
fmm the bottom of which the water can pass off, in rebounding 
from the stone, the air will be separated, and from its l|fht- 
iieaa rising npwards, will be forcibly driven out of u 
iffaced for that purpose, and thus a blowing 9m€him will be 
obtained. 

28. A siphon acts ftpm the pressure of the atmo^here. and 
its shorCcr leg must never exceed the length of 33 wet. 

V; The Marquis of Worcester proposed, but Captain Savaiy 
(Wsai the first person who employed, attain, as a motive force, 
|in large works. 




AEROStATION. 


147 


Art «f •;i»| rttMPpMd bj mtakefl «««»•. • 

■ . . . . . . . . . 

30. Newcomen, wlio inetoted tbe ileem-cn^ine. employed 
ftteitn almoet cxclntivdly u t inewoe of producing a vtcuu^ 
and tlie presaure of the atmoephere his motive for^, wni^ 
was therefore exerted <mly in the downward stroke of the 

31. Watt doubled the power of steam-engines, by 0**^ 
steam both to raise and depress the piston, so that both the 
upward and downward strokes were rendered effective. 

32; Woolf discovered the means of saving much fuel, by the 
4 Me of highly rarefied steam. 


AEROSTATION. 

The principles and practice of the art of navigating through 

the atmosphere, is called Aerostation. l 

The ceneral term for the machines used in this kind of navi¬ 
gation, is that of sieroitats, o*" 

which are of a spherical figure, and filled with gas, are better 
kuown by the name of air-ballohns. The person who takes a 
voyage in an aerostat is called an airomvt. 

the art of ascending into and navigating though the air, 
appears at ail times to have been an object 
tio^Thut the most exact 

other than a romantic hope till so lately as year 178«. 
The first aerostatic attempts were directed towards an iro ta- 

?.on oK“ ion .»d flight of bird.; b„t f or; 

live when muscular exertion was depended on, because the 

mu>cle. which could be brought ™d 

inaafficient to give motion to wings of a smUble size, ana 

l"“n nuchinery wa. thought of. the 

eomplexity of construction necessary, appeared to be ‘”su 
moantable^barriers to success. SiiU there was one J 

.the object of pursuit, to which ^e '.^Xh 

principle, of hydrostuticuppeered to direct the way. though 

ft hud^been of all otbera the most neglect^; <>“; 

vioua one, that any body which is specifttally, 

bulk, ligbler than common nir. will tiM and swim in i • *" 

submit tel the action of the wind i **'***Xi^^iahtlrThan 
be found which wim in any considerable degree hghter thai^ 

air, by making it of a sufficient size, a person m g 
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himself to it, aadi Aofit sloiig iri|ll4t« But »s otf waa consi¬ 
dered the tighleet of mil ihiitgi, there n^pemred remeoa to 

believe thmt such m. dticovery would be mmde, till, tti^He year 
1766, Cmveadish eonouoced lo^he world, ihmt the j^i, now 
generally emlted hydrogen, but at that time called innammabk 
ttir, wai at least Mven limes lighter than common air. In 
conse<}neoee of this dtacovery, it occurred to Dr. Black, and 
he soj^cBted the idea* in his leotores, in 1767 or 1768, that if 
a blaod^er, aaflSiciently light and thin, were filled with this air, 
it would form a mass so much lighter than the same bulk of 
atmospheric air, that it would float in the latter. lie proposed 
to use the allantois of a calf, for this purpose, but other avo¬ 
cations prevented his subsequent attention to this subject. 
Reflecting on the remarks of Br. Black, Cavatlo, about the 
commencement of the year 1782. made several experiments to 
elevate a bag filled with hydrogen gas ; he tried bladders, the 
thinnest Und largest that could be procured; but though 
cleaned with great care, and every superfluous membrane 
scraped oflf, they were found somewhat too heavy for tlie pur¬ 
pose. He also tried bags of the finest China paper, of such a 
aize that, had it been pcwstble to fill them with the gas, their 
ascension would have been certain ; but the experiments failed, 
the reason of which was, that though common sir would not 
pass through this paper, hydrogen gas passed through it like 
water through a sieve. In short, he was completely suecessfut 
only in filling soap-bubbles with the gas. which was easily 
done by pressing small quantities of the gas out of a bladder, 
while a mmll pipe from the bladder was immersed in a solu¬ 
tion of soap in ivater; these hubbies rapidly ascended in the 
ambient air, and they may be considered as tlie first tnfiamniablc 
air-balloons that were ever exhibited. Cavallo read to the 
Royal Society the paper in which be gave an account of his 
experiments, on the 20th of June, 1782. 

In the last-mentioned year and month, but unknown to the 
English philoaopbcrs, two brothers, Stephen and Joseph Mont- 

f oiler, paper manufacturers at Annonay, about 36 miles from 
yons, ill France, conceived ideas tbat led in a short time to 
the practice of aerostation on a great scale. Taking notice of 
the ascent of smoke andWaponis, it struck them, that if a. 
cloud could he enclosed in a Mg, a floating vehicle would be 
^immediately formed : their attention was therefore directed to 
the most feasible method of accoropJIshing this purpose, or 
fometbing equivalent to it, and the nrat experiooent vras made 
Avignon, by Stephen, the eldest^ of the two brothers, 

' ibfrards the middle of November, 1782. He pnlfired a bag of 
|1Roe silk,'^io the shape of a parallelopipedon; ita capacity waa 
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abo^t forty cubic feet, and he applied to its aperture bnmfiigf 
paper, ivbtdik rarefied the air, and thus formea in it a kind of 
cloud ; when the bai^ became in a tfood degree inflated,'hr 
beheld with high aatiafaction, that it ascended rapidly to the 
ceiling. Encouraged by this success, he subsequently made 
several experiments in the open air, in conjunction with hia 
brother, and on the Sib of June, before a large agsembkge of 
people, exhibited the powers of & machine of great magni¬ 
tude. The capacity cf the new a'croatai was equal to about 
23,430 cubic feet, and when inflate^, it measured 117 English 
feet in circumference. It was formed of lihi^’b, lined with 
jmper; its shape was nearly spherical, and when filled with 
•air at half the density of common air, it was estimated to bq 
capable of lifting about 49f) pounds besides its own weight, 
which, with a wooden frame, sixteen feet in surface, that 
distended the mouth of it, was equal to 500 pounds more. It 
was suspended, in a flaccid state, on a pole 35 feet high, 
straw and chopped wool were burnt under the opening at the 
bottom, and the smoke, as it was then chiefly supposed to he, 
which entered it, distenled it in all its parts, and it ascended 
with such velocity, that in less than 10 minutes it reached the 
t levation of 0000 feet. A breeze carried it in a horizontal 
direction to the distance of 7068 feet, and it then fell gently 
on the ground. Balloons of this description were afterwards 
called UfoNtmffiert. 

The Brothers supposed that the ascent of their machine 
was owing to the peculiar nature of a gas disengaged from 
burning substances, and which was lighter than cowman air. 
whereas the real cause was simply the rarefaction suj)erinduced 
by heat. By the addition of one degree of heat, of Fahren¬ 
heit’s scale, air expands about one four-hundredth part; and 
about 435 degrees of heal, will just double the bulk of a quan- 
tity of air. 

Tlie intelligence of the Montgolfiers’ experiments no sooner 
reached Paris, than it engaged the attention of philosophers 
there, and improvements were immediately suggested. As in 
the .experiments which had hitherto been made, the gas em¬ 
ployed was only about half the density of common air, it. was 
justly inferred, that inflammable air, which they estimated at an 
eighth or a tenth part of that of common air, would be still 
more snitable. Tney constructed a globular vessel of lute¬ 
string, which was rendered impermeable to the subtile gas, by 
a varnish of elastic gum. It w'as thirteen feet in diameter, and 
had only one aperture, like the neck of a bfodder, to which a 
stop-cock was adapted. When it went up, it was 35 pounds 
lit'^hter than the same bulk of common air. This macliiiu* 
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cbinei for the miia^tii|iote iveri ei^M OU the 

27th of A^gott» 1783, k mm tmitirnd to the €}»ua|Mi4# Met** 
and to t#o loiniftet ^mthetnlioiif ilthiiiif dUenfft|^ hroin 
the corde, it troee to the Itvight * of thi^ thoeiiod oiie^ hue** 
dred end $«reiitT>fhfee ftet. AHer herin^ 0oetid eltoOt three 
ooarteni of on ho»r« tf fell in a ehhet l^ odlei diitatit 
from the place of aaceiit^ Its hiH mm owraff to a rent, oeoa^ 
sionedby the expeotton of itl tontenta, underm iaitdb dii»i«i> 
ished attnoaphertc preiiui#. ' 

The use ot mehed adt^^allooin. was nevettheltaa oot yet 
superseded; aeveral briHiant expeiioieiita were tried with them, 
and at laai Pilatie de Rozier gmee new seat to the admhratioii« 
they excited, by tbe inOnsptd oner of beoooiiiig, in one of them, 
the'first aerial narigator. A i^lendid maebtiie waa eonatrueted 
for this purpose, in the FaaxbourgjSt Antoine, by the younger 
Montgolfier, who mas theo at Paris, it was of an oeai figure; 
its diameter was abont 48 feet, and its Height abont 74 feet. 
Td the aj^rture at the bottom was attached a wicker gallery, 
about three feet broad, with a ImliistitiSe about three feet high. 
An iron grate in which s fire was lighted for inflating the ma- 
chiiie, wa* suspended under the middle of the ajierture, by 
Chains which came down from its sides, and port-holes were 
opened in the gallery, towards tbe aperture through which, any 
person who might venture to aicjend, could feed the fire cm 
the grate with fuel, and regulate %t pleasure the dilatation 
of the air enclosed in the machine. The weight of this 
aerostat was. upwards of 1600 pounds. On the Ifitli of Oc¬ 
tober, from the midst of an iraiuenat multitude, Roaier as¬ 
cended in this balloon to thc hcighlof 84 feet from the ground, 
where be kept the machine afloat, for 4' 26", by repeatedly 
throwing straw and wool upon the fire. The farther ascen¬ 
sion of the machine waa prevented by ropea. By a proper 
management of the fire, Kotief allowed hinmelfjto descend 
gradually, and on regaining the earth, ateurcd tite spectators 
that he had not experienced the alightest ittconvenience 
during his excnrsioo. He afterwards repeated the experiment 
several times, in one of whtdb, accompanied by Giraud de 
Villetie, be horered Over^Paris abodt nine minutes, st the 
height of about 330 feet. In all these experiments, the 
halioon ^vas secur^' by ropes j but ft was now delermineii 
to attempt an unrestneted cxcnrsion. Accordingly,; tim 
tame balloon wm removed to La Wl«ett€,:a idyal paiaea in 
the Bob de Boulogne; and on the 2lst nf Hovambe#, P..dc 
Rotierand the liarnuis d*Aflahdea. awseiidcd aboat 64 minutes 
aftw ofne o’clock. Having reached the height of'about 280 
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6mmimd»M3$ ii/5%|4^iiIm»iip^ OM the |»}«oe- ol inoeiit^, 

after bariiig bean im lliav«^el)#o^ winttiea. 

TImi eoditMitasiit^exoited liheiui ^eWoitat^ eapeTimenUij 
»|ireail thioe^li aU ranlca* and tiba Parbiia piliioaopoers» sop- 
ported % a£%(iale^*aiilMonplioiia» delermitied t#etteii^ an 
aci^irof«fe)w|lh a»^iftflaipfiial}lealr4»a^|ooa,, Chailes and 
Robertieer% appeinted to eodatraot tbia bailoon* and they nrere 
the firit adyentereia in ti. f| wjM ole apbertcid forni;and mea- 
aiirad W% feet in diameler,, *£110 up^ hetnfajmefe was corned 
by a net, wbicb waa faetened to a noop eocimling its^nuddfe* 
and calM itae^piatoi:. thia eqnatpr proceeded ropes, by 

wbieb wmt anapeiidod a^oar ip tbe ibrtn of a boat, a few fWt be* 
io«r tba baiioon* In^inder to present the borstii^ of the ina< 
chine, by thneKpanaion nftbe gaa in an elevated region, a salve 
openiiig inwaida awAmadt in the upper pmit of it ; a airing de* 
soendad &nf||ibta <vaire into the oar, and by puUing at it, flie 
gas migtolwM out * the oar was bailastsd with sandbags. On 
the lit Becembefi i7B3«(be two aeronauts ascended in this 
baUoon from the gardan of the ThtiiUeries, in the sight of a pro- 
dtgioiui concoufse of pi^te. Jiaving, with a moderately ac¬ 
celerated velocity, attained the height of 600 yards, they made 
signals of their aafeiy. They descended in a field about 27 
miles ffom Paris, at a ouartev past three o'clock; the rate at 
which they had traveUea had biwn ahoiMt 15 ndi^a per hour, and 
they bad not taperienced the alightest inconvenience. The 
ballootfitiil containing a opnaid^hle quantity of gas, Charles 
re>aseeiided alone, and in ten minutes, he estimated his eleva¬ 
tion at 1600 |0lae% 49501 i Engliah feet.) The pressure of the 
atnMMmlpiW'ilMi^ here greatly dimimshedv the balloon swelled 
oonailfeaidil|i^ he dierel^ let^out some of the inflammable air, 
afW^l|^f<3b,aa«am balloon's power of ascension was increased 
bylho* expansion of the gas, in a higher degree than it was 
diniMdiea W the loss, ho rosftito a lull greater height. The 
baaemotar, dhidh at hia departure stood at 28 inches four lines, 
had now fhliiti, to Is inches 10 linos; whence it was cafcul^ed 
that he had ihmmded to the height of 97# English feet. The 
tbermdtoelev« firbSa about 47 degrees of Falirenheit’s scale, had 
sunk to 21 defteea* He continued in the air about 33 minutes, 
and by occaaljEmally pulling the string of die valve at the top, 
to let out the gat, he descended about three miles from the 
33.—VoL. 11. U 
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place of teeeut. The ontv mconeenteoce he tied exj^enced, 
was from a dee eherp cola, ^nd from a pa«a In one of htt ears 
and a jpari of hir Ihoe. wl^ich he aeorihed to the dthitatioii of 
the tnleftal air.' 

Id ^anita.ri, 1784, Joseph Mon^^lher constructed the largest 
balloon iltai has been witnessed, and with six other persons, 
among whom was the gSlIant Rosier, ascended in it. It was 
131 feet In height, and lONI feel in diameter. It wae formed of 
a double covering of linen, With three laytrt of paper between, 
and strengthened with strings and ribbons. It ceittained aboet 
540,000 cubic feet of rarefied air, and tit weight,including the 
gallery and passengers, was I6(K) pounds. JVolwiihstanding 
Uie care exerted to inahe'this machine strong enough, its de¬ 
scent to the grt^und was rendered inevitable from the rents it 
received i one of which in a vertical direction was upwards of 
50 feet in length. In its descent, w^hen about 600 feet from the 
l^round, its velocity wa» considerably accelerated; and 60,(RH> 
people hastened to the spot, full of. apprehension, and impa¬ 
tient to know the fate of the adventurers. These were, how¬ 
ever, all handed out of the gallery in perfect safety. 

The brilliant dawn of a new art, which had thus appeared 
in France, was soon extended to the rest of Eur^c, and every¬ 
where excited a lively interest and emulation. In i.,ondon, the 
first public experiment with an infiammabte air-balloon, was 
iinderlaken by Count Zarobeccari, an Italian, on the 25th i»f 
November 1783; lh»s balloon was 10 feel in diameter; but 
the first aerial voyage performed in England was by Vincent 
Lunardt, who ascended from the Artillery Ground, London, 
on the LSth of September, 1784, with an infiainmabic air- 
balloon 33 feet in diameter, made of oiled «lk. He set off 
about five minutes after two o’clbek, and writved at Collier's 
Hill, five miles beyond Ware in Herefordtbif«,*at 25 minutes 
after four. The thermometer, in the coufWe xff bis voyage, 
stood as lowf as 29 degrees. *> ** 

The spirit of enterprise for these utidertehiiigi beinff now at 
ite height, aerial voyages in Various (|uarteni weiw.hndertakeii 
in great numbers, and the public journals were ctmtinually fur¬ 
nishing new accounts of Hie adventurers. Bfeo the cpmmon 
people and children cSHjfht the enthusiasm of the moment, 
and at night, in Lbndon and ollmr parts, little Montgolfiers, 
made of paper, were oftefi jMiMeii tmveislttg the air i» Hit direc¬ 
tion of Ae wind. IfanV ofllie tffiat undeitakiogs were m 
tbmnselves highly Woithy bf fiott; but in a coliiStive view they 
irtsd4 lose their interest hf Hieir iVsCmblMjije icViacb other; 
ire abaft therefore notice only odebr tWo #t^ 
able. ^ bi France, on the IStli of July, 1784/ ihe Uuke de 





HiattrUil rawwb •itiwtiM tfOi* Dull* «i« Chuim and «tl^ 
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€iuu*lnNi. fund the |«o orqlhece, Qh^fleB escHSoded 

with m indikiiiiiiebie fir-bftUeonlr^ perk ejT bI. Clovd^ #t 
52 taiimltK pant 7 in^the,poroioi. 'S^ietwlopn was o( eit dh- 
long fonn^ meaeuritig M feet by 34 They jreniai|lted in tbe 
atmotnheiw thotii 45 mipiiiet^ aed descended only way 
from me piftce of aaoensiop j hot the incidents of th«ir >oya|« 
are the most sihgular anon record ; The large balloi^ii con¬ 
tained a smaller one filled with common atr» the intended use 
of which was to legolate their iscent and descent without the 
ioss of eithec infiammable air or ballast. At the place of as- 
oensioo, the bafomeler stood at 30.12. In thr^ minutes they 
were enreloped in a dense vapour, which prevented them from 
seeing the earth. In a situation thus terrijac pd sublime, they 
were attacked by a kind of whirlwind, which in a moment 
turned the machine three times from the right to the left; and 
tlie shocks they salfered entirely prevented them from using 
the oars and helm they had provided for guiding themselves. 
Never, in their apprehension, did a more dreadful scene present 
itself to any eye, than that in which they were involved. An 
unbounded ocean of shapeless clouds .rolled beneath, and 
seemed to forbid their return tf the earth, which was still in¬ 
visible, and the agitation of th/ balloon became greater every 
moment. They cut thecordsf nat held the interior balloon, 
which consequently fell on the bojttom pf the elternil balloon, 
just over tb« apertmtie of the lube, ^at went down to Ac boat, 
and stopped Up that i^ipmunicaUoii., A gu^t of wind from 
below wm Ae fenUmA A A® y^" 

pour, wbere the app^wmoe of the sun ihewed Aem Ae exist¬ 
ence of natuire; but the* wm now,a«8mle4 by other fears; for 
the heUt of the eun, end 4Hidim|hiijj^cd pr^snee of Ae atmo- 
mhere, ^sed #o great;n driataUon of^ AeTgas A Ae balloon, 
*W Aey expenud it, A burst. They introauced a stick 
Aeottgh,Ae tube* to remoye Ae inneic balloon which covered 
its orifice, Wt Ae preasnre of the dilated gu* Ais btdioon 
vrasnnjpeetae,A render Ais Aerefore con- 

” tinned in nstwad. and Aeir danger A necome greater, till the 

inches,, wjhlcb indicated a height of 
about; 6103 muf abote the surlace p earth. In this ex- 
tiwmlty, A pA^eUt tbmr total r^Aacrion by the bursting of 
A« balluin, tip** ® it would 

not w A dangwons by letting out the gas 

too Ae Duke himself, in hi» earoest- 

neas A ifeus^dda^ubjeet, ^de two holes ip Ae balloon, with 
one uC^PifApoaA P Ae banners. These holes instantly 
became of A?eu or eijd»t feet They now descended 

rapidfy, a^,|Mi«aoon<as Aey came in sight of Ae terraqueous 
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towardft tbe ^mreaiiim of moebonjwol Ibr 

poM. Tho new liiert£»rt,|»roired ^ee^dinciy fiw** 


l^oee. The new {Wipcifd^^ uiertiert,|»roired exeefomciir fiw** 
lifting 4o |ni»; aiia luMring e<»tg|siteie(i tin infteinflaeM eir- 
baJloon, 27 feet ip dieinttaf, lie be4> m e eli^»4^»ce of lime 
performed.of the orctmatv ideso(riplion< Havlnf 
lhaa become e ecleran in dm eerrnce. 
efl^rprieei wbicb, at tbe tune ti waa andertaken* appeareci to 
be ofp9of the moat dating that ttbe iviiod.^ man could coo* 
cetve:. tbie enterprise waa to crosa the channel between Dover 
and Cahiia. Hie ballooia be need ,waa the mine that be bad 


always bitberio employed. Dr, Jellerteiv an Ai»ericao« ao<^- 
panied him. About one o’cloclr, on tbe 7tb of January, 1786, 
with a gentle wind about if, N. W. Uicy rose from the clifi' 
before Dover Castle.. Hie day was remarkably fine, and Dr. 
Jeflertea describes with capture the proi^iect they enjoved. 
Ou one side appeared tbe formidable breakera on Ibe Goodiviu 
Sanda^ on tbeother, in tbe country utibebpdk of Dover^they 
counted th}rty>seven tdwus and etUai^ At 60 minutes past 
one, they found tbemseives descendifif, in coii«e<|uence of 
which they threw out half their balhuit, wb^ch at fwst cewa»«Med 
of three b^« of saj|d welutii ng ten pounds each. Hiiw had now 
lost eight of Dover castle, and bad accompbabed about one- 
third of their journey. Finding, by the rismg of the mercury, 
that they were descending again, they threw out tbe remainder 
of their ballast and a part ofUieir books; they then rose again, 
and were soon half way, Ataouarter past two, again per¬ 
ceiving themselves to descend, they threw, the remainder of 
their books into tbe sea. At tweaty-bve mlnutei after two, 
^ey bad posted over Ihreecfoartbs m the ebaimeb and were 
aolaced by an enchanting Ttcue ed ihe.'Freoeb coi^ 
they were in some danger, for ibetf lwJlo®o *^e**^^ 
dtimrefore threw away the rcfreslgiieiWt they bM provided, 
alyo tbe oars or wings of the bc^ and ptber mticlef« *1 We 
tbrew away,” says Dr. Jefferies,oar,dbly bptllf# wbiub* in 
ita deac^i^t* ®*ui^ ^ steam li||e tmpke, wttb'a ruiliing noise; 

and when it struck the water# we heard the shock 






{loii4«^ wlfi^h- In ft* iH^rt" time after- 

wtKt*«fti»difii|id to llttiftf Of ^rt^*.rem|t^T|t«d liiitiHO acotl as 
thi». 'Tbo Ihiff ofFraliioe p^eOeotjed liito witii a ptiirae of <124)00 
itvretf ftll#aia%n«<l lii# a pemloti of 1200 Bvfes ii yeae. 

Tho- adirotttitrdiii Pilatre d« Eozief. «?li 6 ,-‘th 0 reader Will 
recollect^ %ai tiie <fiVat a^rooadt, waa one oi the first whose 
teineHty cost hini lit life!. He fiad pWjOettd and execathd 
the pkn of oisttig: both ah itifiaerna^hle atr«baTloon and a Mont- 
aotner in ool^netlon. The infiammable atr*t}ailooa was to 
be upperwlosti and aokptnded by ropes, at the distance of 
sevefti ftset below jt the rarefied atr^b^looh, below whioh, 

iiPthe uaiMd mah?bf, teeiT snspefided succdisive^^ grate 
for the fine,' and the gallery for the |>assefigeia, lly a proper 
regttktion of the fire. It was ex^ctW they cooW lil^ise or de- 
presl the Whole, w^oat being ntider the necessity of losing 
any of ebe liydrOgenr from the dnpor balloon.. The inflam¬ 
mable air*balloon riras of eamithcd silt afid 37.feetdiame¬ 
ter; the other Was of strong linen, and^ly 10 feet in diame¬ 
ter. T^ey ascended on the*15th of Jnne, l785: after they 
had beep in the air abodt t^Wenty mhmles, haying only a feeble 
and chtDgMMe wind; and only three-onarters of a mile from 
the pllce bCaaneosion, their actions displayed an anxiety to 
descend, by letting oot the inflammable air, While at the same 
time the baHoon conlaini«| it was observed to be macb ex- 
pandedi^' y i'moment after, the inftammable air-balloon was 
discovered tdlWi on file, and tn tJoUapse, upon which 'the two 
pasiengefir lyaieT and Rottkin: lilWe p^cipim with tre- 
mendoas ra^ty to Rie earth. k appeared to be 

onite dead wh^'he wai taken Rie other bad some faint 
S^a<d*ifffe, irntWamWahnoit immadiate^^ Upon examina¬ 
tion ^e entiin,ibaf the upper 

oHh WWW " Jbeyforerto have been the 

sparka, or ipilltekjimb coiSi df fire, which hav¬ 

ing''the inflammable air- 
baHoott,-»fltlMiw«Wd'''''^^|#; flWi' gal took 'foe. and the 
melanchol'y'OibalfitopBe ensd^i^ ’ ' ■ 









Cronble Minded ftt BubUir. ^ii tIdlSNi im. with 
a view df efbsking tbe chftiiiii# to Efi^od*^ Having di»- 
cbwg^ aowe at % great Iie%ht, ha w«t drivtii noon the 
sea, wbenf; ^tv balloon airvilig ^ba birpow of a aail^ be 
moved before tiia wind with the tegulainty of a thin, till over 
taken bv ebme veaaeta di^jAtcheo after him. ano conveyed 
to Bnhfftarv. Three daya afterwardc^> M^Or Money !«• 
cended at Norwich, and after having been ^wn about tor 
two boors, be dro]>t into the water. During seven hOors of 
ami^i^ exettron, he conttnoed to keeb bimscif aboi% water; 
but bis weakbeis had become extreme; and the eiirtaln of 
despair had cot ofi* hope, when be wos deecrted and mken op 
by a reVenoe cutter. 

Bbhichard, in bis first, snd perhaps in all hit subsequent 
’voyages, attached to his balloon, a macbine called a para¬ 
chute. This machine, the name of which denotes the itmtkrr 
of a fali or $ko(^, when opened, resembles a large umbrelia. 
'rhoogh Blanchard ap{»ears to have bean the first who adopted 
It, and was probably the inventor of it, yet Gamcrin appear«i 
to be the first human being who dwieended by such means. 
Blanchard, had, however, proved its eflfects on a dog, which 
came down safely. Oarnerin performed the voyage alluded 
to Od the 21st of Seplei^ber; 11102. at London. The balloon 
was one of those filled with itifiammalde air, which had now 
become the only kind used; it was covered with a net in the 
usual niatiner, tmd from a niet proceeded ropest which united 
in a common joining under the centre of the balloon. From 
this point of union, plbceeded a singte rope, which wa» fas¬ 
tened to the basket for the reception of themeronaut, after 
the parachute apparatus had been arranged. The {Muraehute 
consisted of a siieet of cSnvaiHi 30 feet in diameter. A num¬ 
ber of ropes were fastened at tegular fiucrvals to the edge of 
it, snd at their other end termiuated itk a common joining 
under its centre, whence Ohoiter ropes the estre- 

miHes uf which were fastened eo<4iie Wket. Through the 
centre wf the psrsichttte;^ and the Iropea dependent from it, 
passed the only rc^ wbidi’cooiiect^ die balluoil and the 
4iiket, and it pass^ Ihhougb tin tiib|fii;*not <^y to prevent 
^ti eUfangieUieAt with other ropet^ bot to keeplae parachute 
Wb W'hoitable distance ftom diC lmket. 'i In^aAoendtog, the 
puradhote ciofcs, like an ombidla ^unfurled; but during a 
fupid deadeni it would open old, % 'the resistance of the 
dtiibi^ere. Thu day of Gfitlertnb aaoent wad tim fined end 
dieihreet imaginable, yet, ui fbovnumeitt when, tdidef oircuai- 
'itiSffiee^lbut fitvourable^'^'to "vlsiout.he. was^ at a-height so iin< 
to be scarcely discerned ^'any ol ihe vast omicourse 
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I Siidi«t*« mjtttit from InUiid to Engtaiid. 
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of jpcople, of wbom^lieMd taken bff leave only eight minutes 
before..he boldly:o;it the rope that connected him with the 
haiiooni and trusiiHl ^ hie parachute for safety. At first be 
descended with peotHgious velocity, but as soon as the para- 
chute had opened, the descent was very gradual. One cir¬ 
cumstance, however, occurred, which appeared alarming; the 
parachute did not descend perpendicularly, but vibrated like 
a pendulum, to such a degree, that it and tue aeronaut ap¬ 
peal sometimiiM to be on a level. But these vibrations 
atmtnisbed as the adventurer came near the earUi, which he 
reached wiilf a velocity not greater than if he had leaped 
from a height of three or four feet. 

Among the aeronauts of the present time, Sadler, of Ox¬ 
ford, IS the most distinguished; he has been in the habit of 
taking aerial excuigfpons, at difierent periods, for the last 
twenty-eight years, * in balloons contrived by himself; and 
with the record of a late excursion of |is we shall close 
this view of the practice of aerostation. He had, in the 
early part of 11112, declared his resolution to attempt to 
cross the channel frqp Ireland to England; and accord¬ 
ingly this astohishing act of intrepidity was performed 
early in October of that year. The bold adventurer as¬ 
cended from Belvidare Grounds, Dubliiii about one o'clock, 
With a moderate wind at south-west, and in a gradual and 
mtijesttc style left the shores of Ireland, amidst the bless¬ 
ings, the prayers, and the plaudits of an .immense throng, 
expressed on all sides with the eloquence and energy cha¬ 
racteristic of the people of that country. For some time the 
wind ^voured him, but afterwards began to vary, and he 
hovered about, having the Isle of Man, the Isle of Aoglesea, 
and Irejiand, all in view. He was then carried in a direction 
towards Liverpool, and abouf half past four, had a distinct 
view of Bidston Light-house, about four miles from that port, 
whicli be then conidently expected to reach in about half an 
hour. B? the changing of tlie wind, however, he was carried 
completely out of sight of land, and now finding night coming 
on, and that he must spand it in the air. unless he could avail 
himself of the assistaoee of some vessel, he descended to the 
surface of the water in the sight of five sail, but as they took 
no notice of bim, he re-ascended; and after a considerable time 
came down again upon seeing three others. He was now per¬ 
ceived^, bntetimiiintered considerable difficulty, and was almost 
drowned by the*dragging of the balloon, before he could be 
got on boara g llanka fiahing-boat, which took him up in the 
dusk of the evetting. At eight o'clock the next morning he 
was put on hoard and kindly entertained by the commander 
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of tb« PrinHSew frig«te, lyiiif in opjKisito 

iiref^ool, ait ii^idi plaee^v liiided 


Ko 8 i«fiotery Im «rer ouidb* wbi^ drew mft«r it e 
more i^wnd bdiiiia«tt<iii» iw excited more eximeegeai bop^ 
of etiiity to lbe» Hm art of eemetatioti. ^ it wm no 
sooner annomtetd, than already* in i^e ifiit||^atioDt of inanyi 
coiintriee were connected, and commereial wtercoiifae main* 
tailed, widi nabeard of advaotaoea* while pbtiwaopby waa to 
raceiee east treasores of new wots to extend her bordtrsi 
ifd# hw of ihewa ^reat expectations, after a lapse of tnore 
than thirty yeara/hm been realixed; and how Utile haa been 
ndded to the real fcnowled|*a! or ^onven^nee of lift* will be 
dtaeovWed f^otn a reetew of the moat tnienwiing facia that tb« 
rariona eoyagea athicb hare been poiforiaed haw brought lo 
light. Let it. at the aaroe time, be duly obaenred. that the art 
is aiilHn its infancy, and that the inttmate; though not always 
soon^dtacovered connection between one fact 04 bmnch of 
knowledge and another^ equally forbidr ot lo*coiislaer in vain, 
the exertidlit tireadjr made, or dioae'which may yrt he 
required, before any deokiire adaantagea are derived from 
aerostation. ‘ 

* OFthe Haihm 4 strcy«]istancea obaereed f#ronaoia daring 
their eoyagea, when the apprebcnaion of their safely has ceased, 
none impreaaea them so ttrongiy at the tlillneea that reigita 
around; with tomb few exceptions, tliey hear no wind. wbAt- 
ever may be its violence; nor perceive theif motion, whatever 
may be Its, iipidity. To account Sm this, it moat he consi¬ 
dered, that the air it; willi resect to them, at raid, for they 
move at the sanm rate with it. ‘itia aiao remarkable, that tliey 
never expel iesce any afckiseat or giddineea. la one*iiwitaiice, 
the acronaoe^ after bwdesceoi. was a^tcted with i temporary 
deahM»a, but tbe wet and cold nditch he^ had «X|iertenced. 
would probably have hadi theaameiefiwMI upon him in a terrea- 
tffal Jbmoey. Didletllty of ttaptralion has never been an object 
of notice. Of alf methoda of tiavriliiqip that in a haUoo 
peira to people in genendfiohe the moat 'itiiMdeLt* but this is 
a noncltisioti diwhn fkwW aouraory tiew of the aubmct; the 
acddenti which have happenedi patliciilarly thoae which have 
ienaiiiated fistallyi see extreincfy ltnr m and may be 
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of lli« ye«f^ *Q(l th#i ligb^tag, 

potent eneojiv, lie* ii^er:iiiterp<^ th« %hole,4^|i|>- 

peare probable, that a voyage in a balloon is not more likeTy to 
endanger the personal safety nf ai^. individual, than a voyage 
from England to Ireland on the sea. 

The longest aeronaotio eaeursion ever takep i|as Blan¬ 
chard and the ehevaliar da y£pmard» from lisle; they timr 
versed a distance etdiK) Oulea# The greatest height ever a|t 
* tained in thia pay* appaats to havotbeen by Morveau aha Ber¬ 
trand* wbo, from Btjon^ ailsmided to the height of 13,000 feet. 

The use of wings* rudders* oars* andi every^ther means that 
have yet been thought of* to dtreot the course of a ballooo, in 
opposition to the wiodt of even obliquely to jts course, have 
proved entirely^ unsuccessful. The failure of tepeated at¬ 
tempts of this kind, and* in consequence* the apparent futility 
of tlie hope that they would ever succeed* proved a severe 
blow to the lame of tlie art. 

But slender additions have been made to science, from the 
ohservationa of aeronauts, sometimes because they have not 
been furni^ed vrith proper instruments, but generally because 
the individ^ls W%re rnEompetent, and had not philosophy, but 
their pecuniary interest, is view. It has been fopud that the 
air at great heights is rather purer than at the surface of the 
earth. It has also been observed that there are often diflerent 
currents of wind over the same place j so that the aeronaut, in 
ascending* goes in one direction till he has attained a certam 
height, when he ia driven in another, and afterwards probably 
in a third: lienee, when he ascends, he has no certainty of the 
direction he must submit to. Cavailo speaks of a magnetic 
experiment, in which it was found that a magnet in the atmo¬ 
sphere, would not hold nearly so much as at the surface of the 
earth. The Abb4 Bertholon used small balloons for exploring 
the electrieity-of the atmosphere, to which purpose they seem 
well adapted* and may be used in weather too calm to support 
a kite; a Itmg alendev wire was attached to the balloon,.and 
its lower axtremity was fastened to a glass stick* or insulated 
stand; by thia apparaiua sparks were afforded, and the kind 
of tbe electricity ascertained. 

The ascending power of a balloon, is eoual to the weight 
by whidh It IS lighter than an sqaai bulk of common air. 
Every uuhio.'dbt]^ of air may be considered 

equal to dwima avoirdupotsc, which ie about one-sixth of 
the weight of iwinmoo tir. .Hence, if the capacity of a.balloon 
be such that it aonBaas* 12,000 cubical feet or this gas, its 
ascending powdr may be estimated at 12*000 ounces * and 
therefore thaiihremaut* w^ the boat and all other appendages, 
33.—Yoi.. II. X 
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must wetgli left tbAo this* An inftfuiifnibk iiiwba||iiKm» if 
twenty feel in dUttiettr. wiA jtl*i mffice for «itii|l^ jierloR. 

I» ft rtrefied fttr*bftU^iit or BS^nttoi^r, t)»t lur oaoiiol be 
expeeled to be ebove onn*4biid tighllfir tii«n ooimtoii ur, mod 
ft mftohine of tbift eort wott tberefore be in tbm proportion 
iai|%r then tbe olb^, to bnve no eijnet Moeoding poirer. 

To witness the flight of o Iftrge bftUooiii bss' on effeot npon 
the mind, os diffienlt to describe os it is tmpoistble not b> leel. 
So spocions o globe^ with the mogntioonee of ^ decormttont, 
excite ftdmirftbon $ tbe ftiiparenlty^ pffHmfioOi Mtiration of ibe 
adrentumrs^ raises apprehension; a machine of such extraor^ 
dinary dimensions, midestioally making its way through s me* 
dium which it incapsbie of supporting s feslher $*-4iiipressioQf 
from sli these sources combine to form s mingled tenement of 
the deepest interest, unlike thst produced by soy odier exhi* 
bitten of art. Many bare not been able to l^r the spectacle 
without aheddtng tears, others have involunlartly lift^ their 
suppliant hands to heaven, or fallen upon their knees; several 
have fainted; and St Lunardi^s brat asceuit, a delicate female 
was so overcome by her feelings that site died^upo^he spot. 

0km$trueiim and Made rf JiUmg Balkms. 

There are, at already mentioned, two kinds of balloon^*, 
vis. those filled with rarefied air, and those filled witli tnilatn- 
mable air. * 

Tbe best form for balloons, of both kinds, is that of ft glohe, 
the cftpftcity of whidb figure is, for its surface,* greater than 
that of »ny other. Next to a globe, an elliptical or egg-shape 
should be preferred; for these forms, the longer axis abouhi 
be borixonlftl, because that is the direction in which they 
wmild naturally float, in order that Ibeir ceotres of gravity 
miyr be the lowest possible* 

The envelope of isrge rarefied str4]iailoons is generally made 
of strong linen, lined &>th internally and esttraally with paper, 
over wbfch is laid s varnish consisting geoetslly of strongly 
drying linseed oil. As a preosufionniy meiiufe against nre. 
it IS usual in tbe first instance, to prepare the linen, by soaking 
it in some fiuid ibsl will tender it less t^mbpstlble, for esimple 
a solution of slum, or of sal ammoniac and si*e, ustr^ on^ 
.|K>«nd of each to every gallon of water i and when the ciotli is 
dry, lo paint it over with some earthy colour, and strong sise 
or ^«a. the foel should be of a li™ kind, such as chopped 
stiaWy Otherwise it will overload tbe ballo^ too much, ^ In all 
cases, however, the quantity of Aiel requisite, readers it impos¬ 
sible to take a long voyage in a balloon of this desoriplioit. 
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Sniftll imrefted ttT« ic^da of pwr wl]io!i liai not 

undergone eny new |tre(^irtitioti the pMper nnistbe 

of fchel kioil oaUed Itetutor eslver pt^r^end chosen iVee from 
the smell hokti wbidh ere pf^en in it; the pieces are united to« 
eether by meana of ftoiir^pasfe, or gutxi>irater» till a globular 
bag is formed. A aingle apertme is then made in it, aboni 
or twelve inchei in dianitter, to which is fastened a ring of 
slender wire, for it* r^n^ distention i the wire is fastened hy 
doubling and pasting the edge of the piper over it. Across 
tlie diameter of thi* ring, and flstenea to each side of it, 
passes a straight wire, upon the middle of which is hung a 
ball of spun yam, or a tpunge dipped in spirits of turpentine. 
When the spirits are lighted, the balloon inflates by the expan¬ 
sion of the sir within it, and when it is at its full size, it is suf¬ 
fered to take its flight. 

Nb kind of siuffhas been found so suitable for inflammable 
air-balloons, as silk, particularly that kind called lutestring. 
The silk should be woven on purpose, and at the distance of 
each eighteen inches, both in the warp and woof, should be 
inserted a alrong cord of flax or silk, so as to form squares in 
the web. By t^ing this precaution, when a rent is made ia 
the balloon, the length of it will not extend beyond the souare 
in which it commences. To the upper part of th© balloon 
should be adapted a valve opening inwards, to which should 
be fastened a string, passing through a hole made in a small 
piece of wood, which is fixed in the lower part of the balloon. 
The string reaches into the car, so that tne aeronaut may at 
any time open the valve with facility. Those parts of the valve 
and its frame, which are in contact, are covered with thick, 
soft leatyher, and the valve is kept close by a spring. 

To the lower part of the balloon, and opening into it, are 
affixed two pipes, of the same kind of stufl* as the envelope. 
Through these pipes the balloon is filled, and for a balloon of 
30 feet they should be about six inches in diameter. 

The car or boat of a balloon, for the reception of the aero¬ 
naut, should be made of wicker-work, and covered w ith leather, 
well painted or varnished. The balloon is covered with a net, 
made to its shape, and to this net are fastened the ropes w hich 
support whatever it is intended to carry up. The net is gene¬ 
rally made lai^e enough to cover the greater part of the bal¬ 
loon, though sometimes it covers only half of it; the various 
cofds from it proceed to the circumference of a circle or ring 
to which they are fastened. From this ring, which is com¬ 
posed of aiendmr pieces of cane bound together, proceed the 
ropes by which the boat is suspended, at the distance of seve¬ 
ral feet below the bailoon. For the sake of greater strength, 
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the okeebei of the eet eie nleile eloieel li the where there 

is the giettiett ttrein, md verv gimdiMdlf UatM doim. 

The eilk for i gWhuhur hiileon* ehowd he out to • repitir 
paitem ntide on purpose; ^e pitletu in iehglh ebontd be 
eqoel to half the otrcumffareAce m the halloooir and ite aidea 
shonid be convex'HI'thia>'ieiuiier <). "''-i 
The neuing and cotda helonging lo h faaUeoiir ere all made 
either of itUc or of the beat dax, and aoun ertlh the greatest 
care. 

To atop the dragging of a baltoon» after it haa deaotuded 
almost to the earthy the aeronaut it profided with two amait 
anchora or gmi^ltng irons, which are ahaped either li&te a 
ship^a anchor, or like throe fith*hooka tied together. These 
are throam out so aa to catch hold of treta or other fixed 
objects. 

The hvdrogen or infiamiiMible air* for filling balloons, tnay 
be procured in a variety of ways; but die best methods are 
the decomposition of metals by acids* or of water by heat: In 
the first method* iron tumtn^a or chipptRga. are mixed with 
sulphuric acid* diluted with five or six parts of water. Jiiiic, 
though more exprmaise* aibrda a gas itill lighter than that 
from iron. Iron may be expected to jpeld about I7il0 timea 
its own bulk of gas; or 41 ounoea of iron, the like weight of 
sulphuric acid, and 22| ounces of water, will produce one cubic 
foot of hvdrogen gas: 6 ounces of lineman egtial weight of 
add, and'^ ounces of water, are necemary for producing the 
same quantity. " 

To obtain hydrogen by the decomposition of water, a coil 
of iron wire ia put into an iron or mirthen tube* which is placed 
across a small furnace* ao that it can be kept at a red heat. 
One end of the tube it connected with a retort containing wa¬ 
ter, on distilling which, the vapour from it, in nasaiiig over the 
surface of the ignited iron, is docompoaed. the* iron attracts 
the oxygen, and the hydrogen isauea from the tube in a stale 

of great purity. , 

The best vamiah for the silk of a balloon, is made of elastic 
gum, or caoutchouc, cot small, and boiled in five times its 
weight of oil ohurpentine* the solution beingafterwards boile<l 
for a few minutes with drying linaced oil. iHbia is the varnish 
adopted by Blanchard; it mutt be umsd warm." 

The manner in which a balloon ta fiWed, ia represented by 
fig. I* plate Aerostation, &c. AB ia the baModn luapended 
by>a;\lbpe passing between the topa of two polei firmly fixed 
apfe ground* and to each of which one cxtrewily of tlie rope 
m faatoned. theae poles am furthw aeoured by foocsi which 
tie them to the ground. From the cane ring, Bl», to which 
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the cc^di Imot Uro nettinr af« Atl«died> proceed other oords, 
a ii, kc. to confine the ^loon from riitag loo eooiiv OC ^ 
two tebft or bimeie, whtoii mre oj^n atlbe l>ottom, end are in* 
verted in other larger tuba, which are filled with water. A 
Khort brass or tin ttibe it inserted in die head of each of Ih^ 
tubs CC, and to these label are tied the silken tubes ohm* 
municsting with the balloon. Hid cisks CC are surrounded 
bf others* so regnlaled in ntiinber and capacity* that thev will 
not require to be more than half filled with the materials for 
supplying the gas, which” by this apparatas is meant to be ob¬ 
tained by the solntion of iron or zinc in dilated Sulphuric acid. 
In the top of these casks, are two holes; through one set of 
which are put in the metal and acid, after which they are stop¬ 
ped by a Wooden plug: in the othe,r holes of the barrels are 
inserted short tubes, into which otlier tubes are so fitted that 
they bend into the tubs DD, and being turned up at their 
lower ends, open into the barrels CC. It will be understood, 
that all the upper part of the casks, which is not filled with 
acid and the nietal used, will at the commencement of the 
operation contain only common air. This is. however, soon 
expelled, by the hydrogen arising from the mixture, and it is 
not till the hydrogen, so well known by its smell, comes over 
alone, that the silken tubes of the balloon are tied to the tubes 
of the casks CC. As the balloon fills, it supports itself with¬ 
out the aid of the rope passing from the upright poles, and 
soon lifts the boat as far from the ground as the ropes that 
restrain it will permit. When the operation of filling is com¬ 
pleted. Uie boat furnished with every requisite for the voyage, 
and live aeronauts seated, the attendants unloose the ropes, 
and thus launch the machine into the atmosphere. 

Fig. 2, is a wpresentation of OarnerinV parachute, expand¬ 
ed ; and fig. 3, the same machine in its closed state, as it 
ascends. 
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A Ekcyi^ae mcitit ot Ettraoiioit. vxtftls^ by bodies onHed 
BisgAets or loaottoffiOs, fvooiwei tbt ft|^(»^HtiOii of magmiim. 

uf mij^ti ^ftfi om iwo kiods, vfi^ iboosl^ilil aod the ar> 
tilickl. ^0 oolfffiil h » mbieral sibidb otrikts fire 

wtih steel; its t^loor is doll, and generally ^tlier dark gray, 
or brosni, or neialy black. It is an ch^ Of iron, and d^ciivea 
ibt namebf magiiet, lioin in |»oiscSsiag the siog^ar ^ro{>erty 
of attracting ferroginotta snbmiicet. atib a force entin»ly in* 
dependent of Idis ordinary firafMnties o^ niMter. Tbts power 
of attraction may be conunnnicated to iron in any state, ander 
a rarity of circuoistaiiocs; and iron poiwcta^g it in any con¬ 
siderable degree is mdled nn magmt dr tomtom. 

Magnetism is an accidental properly of iron, which nmy tithir 
possess or be deprived of it witnout losing any of its easentisl 
characlertsliai as a metal. 

Magnetic attraction was till lately anpposed to caericd 
by femigiiious bodies alone on other ferrngiaoui bodies, and 
hence the use of the magnet waa reamted to, with a view to 
detect the pvestiice of iron; b«l some modem inrastigalions 
render it probable that nickel is also suwmptible of it. Richter 
having made a sertes of esperimente dn t%ia metal, considers 
it more attractable by the loadstone tiian ifoo . and Chenevix 
is of opinion that both nidkel and cobalt are really magnetic, 
and that when this does not appear to be the case, it it owing 
to their combinaitoii arith traenic. 

A magnet anspended by a thread, or placed in any aituation 
that leave# it at ukerty to move with freedom, turns one part 
of its snr^Ce towards the north pole of tiie earth, and conse¬ 
quently the opposite part of ita surface towards the south pole. 
Those pans of the Surface of a magnet which assume the posi¬ 
tion stated, are called its jsoterMhey are not reversible points, 
but the pole Which is at any time observed to point towards 
the north, will always point in the tame direction* or nearly 
so ; and the like tematit mutt of comic apjdy Id thwother or 

south'pole. ' 'V"’ “‘■ 

The attractive pl^opertie# of the magnet have been known 
ioe time immenioiiit; but it waa titA wwa^ tbe dote of the 
ttfeifth* dr very eatiy in the thiiteen^-^ntii^, that its directive 
became known. ^ the dladbeei^r k generally 
atmbtited to Jdhn de Oiojt, a handieitfl of bltples, al^ugh 
several autlKHfi prevlotis to Itis'* time bad dbacneely intimmed 
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their kiiuwled|pdf it Gtoja hAfiDg i»bser?ed the property by 
uccident in ft tew nte^ele, sodn extended his reeeftrcnes, and 
fourvd dial it was eoai^nn Ito Uieni iil» at least at tlie place 
where he lived. Senaible or the value of the aequiailion the 
world would obtain, if the propa)|y he had thus cHsoovered re¬ 
mained ttiiimpaired by time or he made several |oort»ey« 
to various parts of ltiily« to prove ilaiipmutsbilityAmid his to« 
quiries satisfied him)diatibereaptBiiojpereeptihia mfference in 
It, except by Ibe.vi^nity of masses or km* The fimt trial of 
the directive properly oi.tbe magnet on4lie wate|| consisted in 
mooring a vessel out at sea in ajdirection corresponding with 
that of the msgnet; end a boat having a magnet suspended by 
its centre on a pivot, was dispatched st night in the exact line 
the magnet poinled out, the consequence of which was, that it 
nrrivcd at die place where the vessel was at anchor. Such was 
the origin of tbnmariner’s compass^ the inestimable value of 
which as a guidr in crossing the ocean, and trackless deserts, 
as well as in other circnoistances of minor itnporiaaco. can be 
more duly appreciated by tbe supposition of our situaiiou 
under the want of it, than by any oifier means. 

The magnetic nOedla does not in general rest exactly in the 
direction of the meridian of the place where it is observed, 
consequently not directly north ami south. This phenomenon, 
which it called tha decHumiio^ pf the maptet, was discovered in 
the year 1600. by Sebasliiln Cabot; but Ferdinand, the son of 
Columbus, asserts that bis father had observed it on the Hlh 
of Septcanber, 140Sf. At first it was n#t doubted, that the 
magnetic declination was an equal quantity at all times 
and places; but GeUibrand, an Englishman,, discovered that 
it was variable, and published an account of this discovery 
in ft pamphlet, printed in 1636.—A circle, coinciding with 
a plane perpendicular to the horizon, and passing through 
the centres of the poles of a magnet, is called the tmgnctic 
meridian. ^ 

Another property of the magnetic needle, much more sin¬ 
gular than that of its declination, is, that when suspended by 
the point which would be its centre of gravity according to its 
mass of matter, it does not remain horizontal, but one extremity 
sinks lower than the other. This is called the of the 

ne^dU or magnet, knd it varies in different latitudes. In the 
souibirii belmsphefe it is the soutli pole which is depressed; 
and in^llhe noWibifw hemisphere il isjil^e north pole. At tlie 
eqdKtorii tW ntedlf aasomes a positioii almost correctly bon- 
aOdtal' Tbe difi|iwg of the ne^le was diftoovered by R. b or- 
mnpi? who puklCfthed an account of it in 1681, but he had 
ascertained the fact a oonsiderahte tinje previously. 
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If th«north {K»le of oii« magoot be |}i*em(ed to the eouth 
pole of noo^er, the twomigoeto will aitraoieach other; but 
if the north pole of one he preeeiited ^ the north pole of the 
other, the|r wiU repel each o^ef, proiride4 tbe| be aiupefided 
by threada, or awiinmtiig n piBpf a cork on water, or in any other 
way at liberty to more irtth^erfect fieedom* Tbia it called 
rqmktM* 

The middle part of a magnet, exactly helween the extremitteH 
of the two poke, it poai^taed of no power either of attraction 
or repaltion: btil if die magnet bo divided in the middle, each 
half will become a dtatinoi ma^et; and tbote parts which were 
then^nh and aoudi poles of the single, original magnet, still 
retatnii^ their character, the extremitif# formed by the dtrisiort 
will be eiich as to make eacb bair'a complete magnet. The 
neutral point of a magnet ia called the irngniOe cmlre. 

Theattracdon snbatating between the magnet and iron, is mu¬ 
tual; that ia, tbe iron attracts tbe magnet as mieh as the magnet 
aUracb the iron: for when Che magnet is fixed, the iron, if at 
liberty, will move towards it, or wV?nei^; and when both the 
magnet and the iron are at liberty, as in the instance of thi ir 
swimming upon water on a cork or any floating body, they wilt 
move towaras each other with ec|ual quantities of motion. 

The more pure and soft any piece of iron may be, the more 
forcible is die action of the magnet upon it: ana in gcnerul the 
harder and less pure the state of the iron, the lest it i« acted 
upon. The impurity of the iron is, however, a greater obstacle 
than hardness. This, though very haid steel submits to the 
tranrient application of magnetism with difitculty, it yet re¬ 
ceives it with nore facility than iron ores, or iron in the state 
of an oxide; and it ia observable, dial tbe higher the degiee of 
oxidation, the mom the attraction is diminshed. Iron, even 
in a state of aoludon, is not deprived of the susceptibility of 
this kind of attraction. 

Tbe magnetic actiondecreittjm with the distance from perfect 
contact; bat the rate of this diorease has never been correctly 
wacertained# Some have supposed it to be in proportion to the 
squares of the dwtancea; oi^m as the cubes of the distances; 
while others stqppose the (patio of decrease to be still difierent. 
This uncertainty faasjpardy arisen ftcro differences in the action 
< of different magnets, and pardy perhaps fmm the inaccuracy of 
the experimenls made with a vtew;|b determine tfie ouestion. 
Wc ahsdl hem describe themelhodInilh’Sh thesohjecl has been 
anvectiugatedf'witb the actual-#mull^', .Mmkbenhroek simpend- 
.cdh^Sndrical magnet, 2 lnis|^b»n|t* hbff ift wel,™, to 

oneimale of an accurate b(daiu^‘|m4‘U|^Sf it hS.plj^d a^iiiider 
of Iron pf the same dmpe and bim* The fbllpiltllg is the force 
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Pttbt of lb* samt msB»t r<Mt «««li »tb«r.—Bf«2tt«UMii pervade* all bodie*. 


witli which it &|tiracMi at diffett^nt distanc^b, estimated by the 
ntimber of graiha m the opposite aeale: 


At the diatimee of 6 inches the aitractibn was eqaai to 3 grains^ 
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The facts retafive to magnetism are npparentlt of an ex¬ 
tremely anotnatoas nature; and this will probabfy remain to 
be the cale until a more extensive and accurate acqnaintance 
with the plienoniena givas liability to the theory which re¬ 
conciles them a4. 

• Magnetic repulsion takes place only between poles of the 
aarae uame; thus a north pole always repels a north pole; and 
a south pole always repels a south pole; yet it ik observed 
that when the north pole of a weak magnet is presented to tlio 
north pole of a powerful one, an attraction often appears ; hot 
when this occurs, it is found that the poles of the weaker mag¬ 
net have in reality been reversed, and its north pole has ac¬ 
quired south polarity. 

Magnetism is transmitted through all bodies, and apparently 
through those which are the most solid w'ith as muen facility 
as through the most porous ; in inovin|^ a magnet to and fro 
under a slice of cork or a (date of gold, the effect upon bits of 
iron lying upon these substances appears to be the same. 
And no difference is observed, whether magnetical experi¬ 
ments are tried in vacuo or in the open air. Nevertheless, 
there arc other causes, which render magnetism one of tlie 
nmst mutable of powers. It is weakened by an increase of 
temperature, but the change is temporary, and cooling restores 
it again i unless the heat has been very considerable. For ex- 
am^e, a white heat almost entirely eradicates inagnetisiU. and 
iron, while in that stale, ceases to be attractable. The iron 
again acknowledges the magnet when its redness or the radia¬ 
tion of visible heat from it cea.se.s. 

Variations in the <>f the magnetic needle, occur 

at different pertodSWevery day, and with the different seasons 
of theyearj but tl^y are not exactly periodical, norsuhjeetto 
any law which hiAs yet been ascertained, They are also veVy ob¬ 
servable at the time of Uie appearance of the Aurora Borealis, 
or northern figblS.—Thu following axioms with respect to the 
influences of tnele causes, have been collected by L. Colte: 

34.—VoL.II. ' Y 




” 1. Hie greatest 4<N^lii«tioit '0,, from tbi north 

towards the west, tak^ jpltciahottUwiwl^^^ 
the greatest apfroximktioii df it towardilthi iiol^^ about eight 
lit the mumitig ^ so that fmA the Ipist-^neti^bned hbar till about 
two in the afternoon, if%»deaeoata tb^remoi^ ftdin the north, 
and between two in thi aftemood* atid iha^ next niommg, to 
approti^ it. ' ’ 

** 2. The anunal prngress of the magnetic needle is as fol¬ 
io wa ^tween Jfanuarj add March, it rembres from the 
north; between March and Mai* it apnibacliel*fl; in lurte it 
is ita^onar^f’; in July itireinorOs from it^ in August, 5$eplem- 
ber, and October, it approacbea tti its declination in October 
is the same as in May ; In Notember and Oecentber it re¬ 
motes from the north t its greatest western declinatton is at 
the iremat eqnttiox, and tit gy<*^test approximation to the north, 
at the autumnal equinox. 

3. The declinatton of the magnetic needlh is different, ac¬ 
cording to the latitude: among us, it has always increased 
since 1657 ; before ibat period it was easleily. 

4. Before volcanic eruptions and earthquakes, the mag¬ 
netic needle is often subject to very extraordinary movemeniH. 

** 5. The magnetic needle is agitated before and after ihe 
appearance of the nortbem lights: its decltnaitoct on those 
occasions is, about noon, greater,than usual.* 

** 6. The greater or less appearance of these northern lights 
is variable: some years this phenomenon is very frequent, in 
others uiicnmmbn: m two nr three years they have occurred 
very seldom. • 

** 7. The northern tights are more frequent about the lime 
of the equinoxes than at other periods of the year. 

“ 8. The phenomenon is almoat constant during the long win 
ter in the polar regions, and is more uncommon the nearer the 
equator. ^ , 

“ 9. Southern lighhi hare been observed also in the regions 
near the south pole. 

*‘10. The northern lights are often accompanted willi light¬ 
ning, and a noisf like that of elecliicityi %hite the light¬ 
ning proceeds pai% from the middle of Ute northern lights, 
and partly ftom the neighbouring cloudl. 

The declination of the magnetic ncedttjik' at present about 
4M| degrees to the westward, fn l6ST, was nb declina¬ 
tion. that is, the nebdlc stood in fhe,iiillbl||dli|c^meridian,br 
due north and south. 

'Die variation of the dtp nr indlinattoplByihf nf al the 
same place, exceedingly i^bmll.' Inlbiiil«hi^wb<i^ 
the north pole of the mpping needle SCToelo# tho 
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liorboDi aod in the y^r 177S it ilo^^ at 72® 3": by tfceie ob 
servationti iber«foro» tba whole ebange of inclination, in nearly 
200 yeaia, doee not amonot to a quar^r of a decree. 

A« iron eniera more or leas into tbe composition of almost 
erery snbstance, it may be inferred 6iat tbose stibsiances which 
contain it, even in tbe minutest quantity, will submit to the 
magnet, if the experiment be conducted with sufficient delicacy. 
Yet the nature of some of tbe substances which yield to this 
power, almost induces a supposition that a variety of bodies 
besides tbe ferriminous, may be obscurely the vehicles of it. 
The authorities for allowing lOagneiiiim to nickel an^ cobalt, 
have already been adverted to. It may now be observed, that 
xiuc, bismuth, and their pres, are found to be attractable ; of 
the earths, the siUceoos evinpes thO most evident signs of 
this attraction j and the calcareous the next. ' Most of the 
precious stones are attractable, dttd the garnet so remarkably, 
as often to acquire a permanent polarity. Most animal and 
vegetable substances stiew signs of magnetism after combus¬ 
tion ; even soot is not destitute of this disposition. Soft brass, 
upon which the magnet has no effiect, m^ be rendered mag¬ 
netic by hammering. It may be supposeC. in this case, that 
the brass receives some slight quantity of iron from tbe anvil 
or the hammer j this may be true wner% it is hammered in 
contact with iron, but the effect of the magnet upon it is the 
same, although hammered with and upon *a stone, and it 
appears to have a connection with its being hardened by ham¬ 
mering j for if the ttame piece of brass be softened by an¬ 
nealing it, the. magnet no longer affects it. Plalina, treated 
m the same manner as the brass just described, exhibits the 
same effects. 

Experiments to discover very minute indications of magnet- 
tsm, are generally conducted by placing a small quantity of 
the substance to be tried upon a shaving of cork or a morsel 
of paper floating upon water, and then bringing \ powerful 
magnet close to it. 

Iron dipping into sulphuric acid, instantly becomes more 
attractable than before i but after its surface has become con¬ 
siderably oxidated, its aHractabiliiy is rather diminished.— 
Nitric*actd has a similar effget, but not quite in so high a 
degree. Tbe expesd^eni is tried, by placing the piece of iron 
in a vessel where poured upon it, and in a 

direction oblique fe lb® magnetic meridian; a nicely sus¬ 
pended magnet!w brought near it, and as soon as the 
noid attacks the tlroil# the bar will be drawn nearer, ahd when 
the efferveeccnce has ceased, the bar will be furilier off than 
before. 
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The ipositioti in wbich a ma^iel it kt|il» asKl* lint ttinaar in 
wtitoli it it loadetit liave aa tfivcl npnn Ht iknwer. Ililiba 
coostanily kept with itt norliipole iaihtii.fiiiw« and beloadf^ 
%vith It weight wliinb M gpdtnllf inartataiL tl i^ittrtt addi- 
tiaual mftgnetiiin. But in fiiopoiitoa at tlm fioailtaa in wbifili 
it It kept, deviatet from Ike maguatic ineridtaa. and if at the 
tame time it is kept either without a weight, or with too light 
a one. ita power ia atmn very matonahy im^trad. 

In the nofthem hemitphtce* the norm pme it oonaidcred the 
moat powerful, and le t^ aouftbem hemiaphere the south poie 
has the adrantage; butyin ordsr to lender a oatunii magnet 
capable* of raising the greatest weight poiaihie. an ariilice is 
adopted to render both poles aohaervient to the ItHing of tlie 
same load. Thus, lei A B, %. 4, (pK Aeroalation~<~Magnetism> 
represent a natura! magnet ; two pieces of soft iron, J'g, are 
adapted to the tides containtiig its two poles, anif project a 
little Of er an adiotning aide towards each other. These pieces 
become thediserf es at magnetic as the stone while ihei^ are in 
contact with it, and a aingle piece of iron k. extending to both 
the jibouldera h k, will be supported by the joint force of the 
two poles. From the piece k. when it is designed to improve 
the magnet to the utmost, any wei^t may he suspended which 
can be oonfeniently,increased. A magnet thus provided with 
iron, is said to be umied. and the two pieces of iron are called 
ih© nryaafpre. The armature ia generally covered with a brass 
box, for the purpose of more conveniently lifting or suspending 
the magnet, and to prevent the teparation of the pieces. 

/•( 

Of ike C^mmmieatim of M.agmtkm, 

When a piece of toft iron»»in contact with one of the polet 
of a magnet, it becomes itself magiietical. and. alter the sub¬ 
traction ©fits own weight, callable of sii|jporting as much as 
the magnet from which iot derives its virtue. If a piece of har¬ 
dened steel he placed in the same Rituatioii, although it exhi¬ 
bits signs of ipsigoetilim. yet it exhibits them only in a much 
lower degree: another difference in the two cases, etill more 
repiafkable. Is, that the iron almost totally loses its power ss 
eoop as it is removed from the mpgnet,but;th«efl'ecl prodi«^ 
upon the steel is penosnent. In cither ca^, th# end which 
has been in contimt with the ms^el, aoi|mres a polarity op¬ 
posite to Uiat of the pole by which it wmi attracted. 

, From the facility with whicii iiwn|»aeta with ita wmgnetiam, 
hhgmidmtlly becomes of little w no v^ue as an ardfimal mag* 
^t hardeccd,st«h from poeeeiti»ganopp««ie‘prop«.rty. 
i^Koaies a most suitable material for ihis^ ptN^^d} and 
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ftccoititngif^ llie chttf object of atleotioii i*, to renilerit wtg- 
netical in the bighout degree. Yeriom processes have been 
given for ibis purpose, but Canton's baa been esteemed tbe 
best This pbtlosophefi in about half an hour, communicated, 
to sis Imrs of hardened steel, at first entirely destttute.of any 
magnetic virtue, the utmost power Uicy were capable of 
acquiring* 

111 proceeding aocordi^ to Canton's method of magnetizing, 
procure a dozen bars; six of them must be of soft steel, each 
three inches long, a quarter of an inch broad, and one- 
twentieth of an inch Uiick, #ith two pieces of iron, hacb half 
the length of one of the bars, but of the same breadth and 
thickness. The six other bars must be of hardened steel, each 
five and a half inohes long, half an inch broad, and three- 
twentieths of an inch thick, with two pieces of iron of half the 
lengUi, but tbe whole breadth and thickness of one of tbe hard 
bars ; and lei all tbe bars be marked with a line quite round 
them %t one end. These marked tfnds are to become the north 
poles of the respective bars. Then take an iron poker and 
toogs,* or two bars of iron, tfie larger they are, and the longer 
they have been used, the better; and fixing the poker upright 
between the knees •(or rather in the direction of the dipping 
needle) with its point downwards, hold to it, near the top, 
one of the soft bars, having its marked end downwards, by a 
piece of sewing silk, which must be pulled tight with the left 
nand, that the bar niav not slide; then grasping the tongs witli 
the right hand a liltJe below the middle, and placing them 
nrarly tn a vertical position, or in the same diicction as the 
poker, let tlie bar be stroked by the lower end, from the bottom 
to the top. about ten times on each side, which "ill give it a 
sufficient degree of magnetical power to lift a smtill key at the 
marked end ; which end, if the bar was suspended on a point, 
would turn towards the north, and is, therefore, called the 
north pole, and the unmarked end is, for the same reason, 
called tbe south pole of the bar. 

Four of tbe soft bars being impregnated after this manner, 
lay the other two upon a table, parallel to each other, about 
a quarter of an inch asunder, and between their iron conr 
ductors, AB, CD, fig. 5, (pi..Aerostation—Magnetism,) with 
a north pole and a south pole against each piece of iron; 


• Trobulilj Uiif rmktr •wd loogi u»ed Cantim were mifnetic. oUwsrwiie bo would 
not b«v« »nrcerd««. ' 
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then lake twn mf the fotit kipra a}i«aiif fnade mii^nelie^^ and 
place tiieiit |ji»getber, »o a« t«»‘iiiake bar in ikinkneat* 

the oorlk jj^le of one being #veii with Ike aoelh pole of the 
other I anjl lht renuuning tew pod to |he«e« one ini eaeh 
aide, to to to have ivro north anoteiro toiith poles togetheft 
aepcnito the north irooi the aouldi poles tomteeiid a large 
pin* and plaee then parpendicalarlv with that end downward, 
on the middle of xHii of the parailei bant tke two north poleii 
towards it* aonth, ^as^ the two tooth poles towardt its north 
end^ (see %, 6.) sHde them bti^ward and forward three or 
fonr timed over the whole length of the bar, and removing 
them fhim the middle of this, place them on the middle of the 
otoerbe*mi b^ directed, and go over that in the same 
manner i tbm tom both the btot with the other aide upward, 
and rep^ the fohner operation; thie being done, take the 
two from between the pieces of iron or conduotors, sud plac> 
iog the two outermost of the toitcbing bars in their room, let 
the other two be the oaldlrmotiof Uie foor to touch these 
with, and this process being reputed till each pttr of bars 
has been touched three or Tour time* over^ which will give 
litem n considerable magnelteal power, put the half doseii 
together, after the manner of the four, and ioiich with them 
two pair of the hard bare, placed between the conducting 
irons, at the distance of about half an inch from each other; 
then lay the soft bsid aiide, and with the four bard ones let 
tbe othet two be impi^nated, holding the touching hm» 
apart at llie lower end abonl two«tentbs of an inch, to which 
dtslaucc list thtitt be separated after they arc set on the 
parallel bar, and bremght together again after they are taken 
otT. This being obtefred, proceed according to the method 
already deserih^, till each pair has been touched two or 
three times over. But as a bar, by this vertical way of touch¬ 
ing, will not obtain the highest power of which it is capable, 
let each pair be now tottclied once or twice over* in tlieir 
parallel position between the conducting irons, with two of 
the bara held hofisonlaily or nearlv «o, by drarwing wi the 
same ittne the north of one from the middle over the south 
end, and the south of the other ftoM die roidclleover thonorUi 
end of a patoilel bar 3 then toinging them to the middle apto 
without touching the parallel bar, j|ive thiec or fear of these 
Jhoiixontal strokes to eimb side. ' yto'horitontal touch, after 
Mweitical, will gito^he bars asmuch niagnetical power a# 
ibe# pm capable itf ipchiting, insoontich that the^ will receive 
toi miditiottal sirengdi, wh«D the venical toiicb is given by a 
gpni^ toimber of bars, and the horiiwmhd by thofwlof a tnpe- 
#t/ir wiiMrlliithlilt nntirfll'. The whols of ’idliS' iWOtoSS may bc 
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eonribrdugh tn fiboitt b«lf mil hour, imd each of the larger 
bera/if hardened, ibay be made to Uft twenty-eight trov 
ounces, and tofneltmea more. The bars thus prepared, wiU 
give to a hard bar of the same siae, its full virtue in less than 
two minutes; and they are, for all the uses of magnetism, 
much more convenient than a natural loadstone, the power of 
which is insuIBctent to impregnate bard bars. 

When these half doamn bars are not in use, they should be 
preserved in a case, disposed as shewn by fig. 7, vtz. two poles 
of the same name ahoum nelrer come together, but alternately 
a north and a south pple, and the two iron conductors, a b, 
should be laid as one bar by the side of them. When their 
power has by any means tieen in^aired, it may quickly be 
restored by the method employed in forming them; and if, for 
any purpose, a mneh la|ger set of bars bd desired, they will 
communicate a suflicient quantity of magnetism to proceed 
with, and the large bars may by the same method be brought 
to their full strength. Canton, bythis process,communicated 
magnetic virtue to two large bars, each half an inch square, ten 
inches and a half in length, and weighing nearly ten ounces 
and twelve pennyweights, to such a degree, that one of them 
lifted by one of its ends, sevenly-nine ounces an<l nine penny¬ 
weights : and a flat temi-circukr magnet, weighing an ounce 
and thirteen pennyweights, was made to lift, oy applying its 
two ends together to an iron wedge, ninety troy ounces. Ue 
could also readily deprive his bars of their magnetism ; and 
change the poles of ft natural loadstone, by placing it in an 
inverted direction, between the contrary poles of his larger 
bars, laid down at some distance from each other, in the same 
straight line continued at the distance of about a quarter of an 
inch from either of the poles, without touching the store witli 
cither of the bars. 

The manner in which Canton hardened his bars has been 
pointed out as particularly excellent, and as contributing to 
fiis success: having cut a sufficient quantity of the leather of 
old shoes into very small pieces, he took an iron pan, which a 
little eirOeeded the length of the bars, and was wide enough 
to admit of two bars side by side, without touching each 
other or the pan, and at least an inch deep. This pan wp 
nearly half ftiled with bits of leather, upon which were laid 
the two bars, with a wire fastened to the end of each, for 
taking them out: the pan was then quite filled with leather, 
and placed on a moderate fire, being covered and surrounded 
with charcoal. The pan being brought to somewhat more 
than a red heat, was kept about half an hour in that states 
and the bars were suddenly quenched in a larger quantity of 
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water at hi eoannoii bardeaiimw The leofiii af time iime^ibed 
for the steel 10 retnaia in Ihe^ Are, ajifieafi Ih be ooiieoetHUiiry ; 
every (mrpose of hardening may be answered by tahing it out 
as soon as it has acoaired the re<|tltsihs heot. The iron box 
is iieefal, because, by {»reireftting llm bam lirom ooabng in 
contaiel with air while they are Heating, it yveventa tbek scal¬ 
ing. The leather eannot Im considefed an etsendal article, 
or at least noisunertor to charooit dust in the box; either 
ingredient is aarantegeoas only as it sopfiltes the steel 
with a small |»orlion of carbon, mlher than sa^rs any to be 
abts^cted, and thus prevents the steel Drom degradation. 
To qumich the bam in mercury, would render them harder 
than water, and probably captbla of leeelving a stronger 
and more lasting magnetism; but it must be reotem- 
bered, that the nstder they are mndered, tbe more they 
are in danger, from their brtUletiess. of being broken by 
accident. 

To obtain the combined*effecl of two poles, without the 
inconvenience end expense of the amiature applied to natural 
magnets, artificial magnets aie sometimes made in a semi¬ 
circular form, but more commonly in the form of a horse¬ 
shoe, as designated by u fi c, fig. 8, which represents what 
is called a horsendioa magnet. To commouicate magnel- 
itm to a bar of this kind, lay it down upon a table, and 
plsce magntlie bars, AH, sgainst its extremitiea. the south 
of one Iwr being placed against that end of the hur«e*shoe 
which is iiiteiid<^ to be tbe north; and the north end of the 
other bar against tliat which is intended to be the south ; 
a conductor, E, of soft iron, must join the other two ends 
of the straight bars. Now rub the horaevthoe magnet with 
bars inclined to eacdi other and meeting at the top, so as to 
form an angle, as in Canton’s method; or use two bars only, 
as shewn in the figure, and stroke the boise-thoe with them 
from end to mid ; or lastly^ use another horse-shoe magnet, 
turniiig the poles properly to the poles of the imw magnet. 
In any of these mw^oda, the bars AB must not he touched 
with the magnets p«siog over the horse-ehos. msgnct. nor 
shodd the louchiog magnets be separated from the horae-shoe 

too suddenly# ^ < . * .. « 

To nmgimtfxe esmimss imedles, tim follow methods rosy 
be used: Piovidou/pair oTmi^pi^to hBdrt.nai-%less Uisti six 
Shehesin length.- Furtmi the needle down on a board, mod 
widh n magnet in each hand, draw ihron from the oeutre upon 
thipeo^ ovHwards; then carry the Imrs ib o ooimtdembl© 
^Mmoe firomtbe netdie,aiidhringtlta«iperpetidfeulariy down 

fipoB the centfi, and draw them oxer again. Th» opersttoOf 
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Cttni|ftu o««dle«.—of »t««t for magoeiiam. 

.. . ... . . . . - 

repeated «baut twenty timet,‘ wttt aufficientiy magnelbe the 
needle, (Uid itt etodt will point to the pdlet contrary to thote 
which touched toencu r . 

lo another method of touching needIet**r>over one end of & 
combined horte<tboe magnet, of at ieaat two in number^ and 
aix incbea in length, draw from itt centre that half of toe 
needle which is to have the contrary polei to toe end of toe 
magnet $ raitettoe needle to a considerable distance, and draw 
it over ^ magnet Ufasif’; tow repeated about a dozen times, 
and the same ^ the Otltor half, will communicate an adequate 
portion of magncfttim. * . • * 

Compoaitton magnets are made by the use of iron or steel 
(iitngs, obtained to the moat minute state by washing in water, 
and made^'into a paste by kneading them with itnseed oil. 
1’his paste being moulded into convcniejit forma, must be ex¬ 
posed upon wood or tiles, in a warm situation, until it becomes 
dry and firm ; it ttiaf then be magnetized like steel bars, aiid 
will acquire a Considerable degree of permanent power. 

Every kind of steel does not receive inagnatiHm with equal 
facility. With aomo kinds of steel, a few. stroke* are sufficient 
lo communicate aW the power toe l>ars of it are capable of 
receiving; other kinds receive il relociaotly, and not till after 
u Ion" operation; sgid someumes bars are met with, to which 
It it imposwrble to give more than a very low degree of mag- 
netism. In general, the beet Vdistered steel; free from all veins 
of iron, answers the best. Bli.stered steel is perhaps better 
than oast steel, because being drawn out by hammering and 
rolling, it obtains a longttoditial grain, which is found to be 
favourable to the circulation of magnetism. Cast steel, on 
the contrary, from having been in a state of fusion, can only 
be considered as an aggregation of small particles. 

When any bar of steel is found not to acquire so much mag- 
netism as may be expected, the best method of treating it, is 
to harden it again, with a less degree of heat than before ; it 
it still be defective, it may be hardened at a greater degree of 
heat than mt- ftvat: by Cnc of these means aft improvement may 
dfreh he cibeted'; 

A magnet employed in the communication of maj^etism, 
rather gains thtft loses in strength, but it cannot* impart a 
greatet defwse of power thuti its own, A combination of weak 
magnets; it muai;4ioWeeer, be evident, from Canton’s process 
of magnettaing bars, will communicate magnetism in propor¬ 
tion to ^hracouutotated power. 

Wheh both waik and strong bars are used to magnetize 
others;if hai ‘haett usually recommended to apply the weak 
inagnata firiti dhd the atronger in succession, wrtn a view to 
34 —VoL. 11 Z 
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If a Wng piece of tfoii be ii^e refI*bot, and then left to 
coot in tbe direction of the dipping needle* it becomes magne- 
ticai. it has been observed, that to strike a magnet witb a 
hammer, m%f depeive it of its magnetism; on (be contrary, it 
is foundi that if an uniaagnetical bar be struck with a hammer, 
or rubtx^ with a hte, white held in the position of the dipping 
needle, it will acquire magnetism. An electric shock produces 
the same effect; and lightning often renders bars of iron mag- 
netic; bat both lightning and the elecbric shock will destroy 
the power of magnets already formed. 

A circular piece of iron or steel, such as #ie verge of a 
watch, may have a north or sooth pole; and when the verge of 
a watch happens to acquire magnetism, its constant tendency 
to one direction has a material inffuence on the performance 
of the machine. Variey, having suspected this to be the case, 
on fftiding that many time-pieces, of the best construction and 
unexceptionable workmanship, performed indifferently, took a 
suNpecled verge, and placed it upon a piece of cork on water, 
when hediscoveied that a certain point in it constantly turned 
to the north. To satiafy himself still more effectually, he sub¬ 
stituted a golden verge for the steel one, upon which the going 
of the watch became equal to that of any other of the same 
construction and workmanship. This ingenious discovery evi¬ 
dently poinu to the conclusion, that steel, though almost uni¬ 
versally used, IS not s proper maitrial foj the verge of a watch : 
and Uiat many time-pieces, for the defective performance of 
which the reputation of the makers has suffered, may. require 
only an uumagnetical verge to render them perfect. 

Of tAe I^eory o/' Magnetum* 

The only proposition towards the theory of magnetism, 
which seems placed beyond the reach of doubt, is, that the 
earth itself acts as a great magnet; and if this be evident, it 
will scarcely be denied, that all other magnets derive their 

E ower and properties from its effects. Supposing the earth to 
e a magnet, the manner in which it operates, in causing the 
directive property and inclination or dipping of the needle, is 
just whi^ might be expected, and may be exemplified by an 
easy experiment: over the middle of a magnet. LM, fig. 9. 
(pi. Acro«taiioii-^Magnetiaiii,)‘hold a magnetized needle P, 
suspended by a fine thread, and so fixed, that if it were re¬ 
moved to>« dUfttance fr^any magnet or iron, it would remain 
horizoatlab In fliia position, the negdle P being equally at¬ 
tracted by both ends of the magnet LM, remains horizontal, 
but it turns its north pole to th^e south pole of the magnet. 
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and lit sooth pole to the nor^.pole oC the mipiet ^j^enorth 
pole oC the needle end magne^ j* dest|ttam l»H% hpl#verio 
mark.) Remove the needle from the eitnatko r.to siUtaj* 
tion R i and it will cease to he horaonlali the sooth #ele of 
Uie needle will incline tdwiwds the north of the tosgeel* and 
exhibit the phendmeiioR of the dtppiiig needle^ Ei^oye tlm 
needle to the sitwtton T,and the ssme dhinge of {Kwitioti will 
take place, onlv it wRl; he the north pple of the jieedb which 
will be drawn down toUbe spmh pols of,the msgnet. A glo¬ 
bular magnet exhibits this tpstome of^ntagnettsm ia a still 
more agreeable manner, and a magnet of 11^ kind made for 
the purpose, is called a lerella, oc little earth. As the large 
magdet in this experiment acts open Uie needle ; so does the 
earth upon all other magnets. When the centre/of the needle 
is over the centre of the magnet* it corresponds aearly to the 
situation of any snspended magnet at the <^uator of the earth, 
where the stiraclion from bpth poles it nearly e<|uati and 
where the needle would be exactly noftaoalsi, if ihit magnetical 
and geogniplitcal poles of the earth coincided i but aa this is 
not the case, the magnetical and geographical ei|uators art 
diderently situated. 

That the earth is a magnet also admits of strong collateral 
proofs : it may be inferred from the vast quantities of ferrugi¬ 
nous bodies contained in it, which are often dug up in a mag- 
neticaf slate, and from the magnetisni which iron acquires by 
its position. Yet all this carries us hut u very little way to¬ 
wards a complete theory of luagnetianr; and the didieuUies yet 
in our way are of great magnitude. . For example, it is found, 
that the magnetica! poles of the earth change their situatiun, 
and this singular circumiUnce has 0 |>enea a wide field for 
specidatton. It has been supposed, that the eaith containa a 
detached internal magnet, wnich has a didemiit motion from 
that of the earth, though both their UAca coincic^e.. This inter¬ 
nal loadstone, the advocaiet of it auppoim to he separated from,, 
the outer globe or tarih by a fiuid medium^ and to accomit for 
the constaijt variation of the, needle, waatworsb^tey suppose 
its motion with respect to that of the earth to ha auqh that its 
nortit pole revolves frqm east to wesb^atthe rate of onodegree 
in five years, soastoiitftkeucoin^tefevohitkinin illilOyears- 
To explain the reason why the inotioti of the interoai loaiitiaoe 
should be less then that of tile Oarth, it is assumed, that tlie 
dmriinl motion of the earth arose from an external impulse, 

f iyaa thence commapicated inlfrimUy. This theory has 
^ven much satiiifactioii; the regularity of motion as- 
: to the internal loadstone, leaves entirely unaccounted 
^ f iDrequeot variations actually observed j and the attempt 
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Tfcwwry «f aMpyatiaiit. 

tbat Imt^tteen made to sup|)ly tltit deficiency, by eopposing 
that the^ are withhi the' eatith ibnr magnetic poles, whi^ are 
moreable with respect to eaeh other, lod^ only fike a wild 
effort to secOre a solutloit, whatever may besateri^ed to obtain 
it. It seems mOchl more rational to conclude at once, witft 
Carallo, that the magnetism of the earth ariBca from the mag¬ 
netism of all thtrmsmmtlc substances it contains, whether in¬ 
termixed with other bodies or not; that the magnetic poles of 
the earth may be considered as the centres of the polarities of 
all the particular aggregates of the magnetic saj^tances; and 
that these principal poles mtist change their places, relatively 
fo the surface of the earth, according as the particular aggre¬ 
gates of magnetic substances within the earth, are by various 
causes altered, so as to have their power diminished, increased, 
approached to or removed from the principal poles. The 
agents adequate to the production of these effects may he, 
heat and cold, volcanoes, earthquakes, electricity, chemical 
decompositiotMi, aud probably several others, of which philo¬ 
sophers have no knowledge. 

VVith respect to the nature of that principle which causes 
magnetism, many hypotheses have been offered, but the most 
iiicenioua and consistent is that by JEpinus. This philosopher 
imagines that theie exists a fluid which produces all the phe¬ 
nomena of magnetism, and.|vhich he contmquently calls the 
magttetic ffuid: he supposes the subtilty of tnis fluid to be so 
great, that it penetrates the pores of all bodies; and also, that 
It is of an elastic nature, vix. that its particles are repulsive of 
each other. At the same time he imagines that there is a 
mutual attraction between the magnetic fluid and iron, or other 
ferruginous bodies, biit that all other substances have no action 
on this fluid ; they neither attracting or repelling each other. 

Accortling to tliis hypothesis, iron and all ferruginous sub¬ 
stances cont.ifi) a quantity of magnetic fluid, which is equally 
aitspersed through their substance, when those bodies are not 
magnetic ; in which state they shew no attraction or repulsion 
towards each other; bt>cause the repulsion between the particles 
of the magnetic fluid is balanced by the attraction between 
the matter of those bodies and the said fluid, in which case 
those bodies are said Co be in a natural state ; but, when in a 
ferruginous body, the quantity of magnetic fluid belonging to 
it is driven to one end, then the body becomes magnetic, one 
extremity df it being now overcharged with magnetic fluid, 
and the oth'er ektremity undercharged. Bodies lhas modified, 
or rendered magnetic, exert a repulsion between their over¬ 
charged extremities, in virtue of the repulsion between the 
particles of Uiat excess of magnetic fluid, which is more than 
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ovurbaiauced by (lie ftitrecttbn 6i tbcir mmiter. 
attraction exerted between the oven^arged extiedll|^ of nne 
magnetic body and the iinderchatged extremity of the dtber, on 
account of the attraaion between that fluid and the matter of 
the bode; but to explain the repnlaion whioh take* place be¬ 
tween their nnderchareed extremitiea, we ani*t, observe* Ca- 
vallo, either imagine that the matter of fermgrnoo* bodies, 
which, deprived of it* magnetic flntd, mast be lepulatve of its 
own particles, or fliat the itndereharged exlremities appear to 
repel each other, only because either of them attract* the op¬ 
posite overcharged extremities'; both which suppositions are 
embarrassed with difficulties. 


A ferruginous body, therefore, is rendered magnetic by 
haring the ef}uable difliision of magnetic fluid throughout its 
substance disturbed, so as to have an overplus of it in one or 
more parts, and a deficiency of it in one or more other parts, 
and it remains magnetic as long as its impermeability prevents 
the restoration of the balance between the overcharged and 
undercharged parts. Moreover, the piece of iron is rendered 
magnetic by the vicinity of a magnet, because when the over¬ 
charged pan or pole of the magnet i* presented to it. the 
overplus of magnetic fluid In that pole repels the magnetic 
fluid away from the nearest exiremity of the iron, which, there¬ 
fore, becomes undesebarged. or possessed of the contrary po¬ 
larity, to the most remote pan ofthe iron, which consequently 
becomes overcharged, or possessed of the same |>olarily as the 
presented pole of the magnet. When the piece of iron is ren¬ 
dered magnetic by presenting to it the undercharged eitreinity 
or pole of the magnet, then the part of the iron which is nearest 
to It, becomes overcharged, because that part of the magnet 
being deprived of its magnetic fluid, attract.^ the magnetic 
fluid of the iron to that extremity of the iron which lies nearest 
to itself. From this it appears, that in order to give magnetism 
to a body, as a piece of steel, the strength of the magnet 
employed mn*i be such as to overcome the resistance which 
the substance of the steel msdtes against the free passage of 
the magnetic fluid, for which reasdn, a soft piece of steel is 
rendered magnetic mohs hasify than a bard one; and a strong 
magnet will render mi^etYc sndh ferruginous bodie* a* a 
hmill onehas no'lmwer tipof}. 

When two equal magnets^oppose their conimry pole* to 
each other, they will, say thb fmvocales of ihis hypoffietta. 
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e name are placed ndar eadh other, then, H the stceiigth 
duality of these magheta lie ^ual, krill only dtmlnisii 
each others magnet pbwer; btil they oneqmu in power 
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m qitftliljfifs in »luftpe, tiftrdaeiS, tii«n the weakest will have 
its shed, destroyed, or chan^^, according as the 

•uperiority of the principal magnet in relatively greater or less. 


By those who had so far deserted the paths of morality, as 
greedilv to fatten npott the weaknesses of tneir fellow-creatares, 
and boldly to venture upon any practice, however really flagi* 
tioui, if it promised gain, and was screened from legal punish¬ 
ment i a pretended caUed animal magnetism, was impu¬ 
dently announced as curative of all diseases incident to the 
human bcwly. The vulgar, who are alwavs perversely fond uf a 
mysterious creed, seized the bait, and the pockets of the pro- 
jeclurs overflowed with (he receipts of imposition. When the 
folly of the moment had passea away, and the subject was 
ratioimily txamtaed, abundant evidence was furnished, that 
though the human body contained, !ik*e most other substances, 
a Rinaii quantity of iron, the action of magnetism produced no 
physical change upon it, and that, therefore, the cures said to 
nave been performed by magnetic sympathy, were either ab¬ 
solute falsehoods, or mere elTorts of a deluded imagination. 
After animal magnetism appeared to have had its day, and was 
sinking fast into disrepute, it was succeeded by a kindred in- 
ventioti, the w onders of which were performed by rods of metal 
called mciaUic tractors; but these will quickly, follow their 
parent to the gtave, aud may be considered as already in the 
last stage of their existence. 


Of Magmeticai- Instruments. 


The Mariner's Compass. 

The chief magnetical instrument, is the mariner’s compass, 
which consists of a circular brass box. called the compass box, 
containing a card or pajrer divided into 32 points, at each of 
which is given the name of a particular wind, or name of the 
directioa to which it points. Over the centre of this card is 
suspended an artificial magnet, which, from the smallness of 
its size, is called a needle. As the needle, allowing for its de-' 
clination, always turns its north pole to the north, the helms¬ 
man can either keep the stem of the vessel always in the same 
direction, in which case he will sail due north, or he can keep 
the stem of his veiael in a direction any number of,degrees dis¬ 
tant from the north at hia pleasure, by which means the cora- 
pMS becomes a itniveraal guide. The needle, it must be noted, 
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it to its €Wtr# ifteiMelty furstsons ptliM%lii» 

num^ l^iigilm^'UMlIjp Uirooi^ ^ istdi^. of tlis iMr. 
ocsfiMsMKMfJis glsss^ t<| ptsxiiilr 

wisa lion isterfenAK w Ibe notim of the nettle.. i , 

H Assi^lisifi t|«t the %hst»ver the 

8tUniiin:oliahtejri^!lAn^^.^ «hn^jsoAtslfimlUoti. 
XosiicaiiitMtyiliit^iiifnided by vh# sn^iUeil j^mbsU* n 
asqiisi^ivonlsnb^;«4ioh isw(i^^ These gtnn 

bslA sooMntrio iriog»»,nHh sies st opfKMite 

S omis* ss'sh«.«n St s «, b A io the j^so of the iostruneet* 
lA Aiffinelm^hls^^ The centres eC the 
ptfi^ls.o^lhe fiiBA^[ehfcitliii«l4 beiAtthe eeme piset with the 
point-of euepensiett of^tlie needle# 

. TfaeLnebne eCtliejCOtiipaiit» vhen belsiKaed before it it meg- 
netisedi^srillj Sfter. ti m »nfiietiitii» befoend to have lost its 
bdsiiee,;«» eoceiiiimftdih.dipping* erbicb is gtestef or lesi. 
sccoMhi^ So die letHttde^fee ^s seiMM»fi*»eitJbef the ooitli enil 
of theOMle t« iiiftde;falbei;ii|;^ter threi the other* or s smsU 
nosedfaie apiece of;brsss4s fitted upon it*, by shifting wbieli 
neem lo or Ibrther firon tbe, ces^* the iieedM may be 
bslsnced. m‘*»U Istindes.'- < 


ConiMiiM neediestsn. geaemlly (roei feurilo sis ioche«» in 
laigib; iidth penl^ so that their sectioM is s rrctsogW. 
exocntelitin ntddlf« Srbicb is swelled out in s circular form, 
to ednitof bcdng perfcreted* sod yet to allow at least u» muck 
steel for the passsge of the magueiic duid* ss if it bed not 
bem perforated. In the perforation is inserted, for the best 
compswes* s cooictl piece of agate* celled a mp. This cap is 
hoUoer, end its apex tens open the pint of a steel pin stand- 
iog up in the centre of the box. That moantedi the needle 
tarns with extreme fecility. 



e,into 
divi- 


Tbe card used by mariiiert* ie dirtded,at t^ o 
360 equal parts or denies* and witbio the oirchr 
skms* It is again divided into the 32 equal parts or grcs above- 
mentioBed* vbtidx ate called tbe pmli ^ Ihe campmt, or 
rdsnt^ and each wbtcb ip often sebdivided into quartern. 
The middle pari of the eompata is generally painted with a 
kind of star* tbe laya of wbicli terminaie in ^e pints of the 
ooiupass* or nemes of, ^ winds* It may be ifiteresting to 
asayay* to eiqilein tike |Hp|«»ipls Apon which 4bf points ^ tbe 
*deiDpaieaxe.nauiedt, asa biKkwMi^ of it will precise 

Jdeaa oljdmdiMdiMiB uMaidtWbeii eBy of tbepautesvar»men- 
fl■ipmd«^/JTh^ttlIqlliOlfdillfd;pM lbe;ooiPpess«f4* fi^llortb, 
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pound points, which are named after the two adjunct cardinal* 
respectively ; observing that North and South have precedence 
in each designation. Thus the middle point between North 
and East is called ** North East,” that between North and West 
IS called " North West.” and that between South and East is 
called " South East,” and that between South and West is 
called “ South West.” By this means, eight equidistant points 
are obtained. In the next place, each segment between the 
several cardinals and their compounds, is subdivided into four 
equal portions; so that the whole circle is partitioned into thirty- 
two parts ; that is, eight between each of the adjunct cardi¬ 
nals : the two points adjunct to North are “ North by liast,” 
and “ North by Westthose adjunct to South are South 
by East,” and ** South by West;” those adjunct to East are 
'* EasI by North.” and “ East by South while the adjuncts 
to West are “ West by North,” and " West by South.” The 
two adjuncts to the compounds are as follows : to North East 
they are ” North East by North,” and ” North East by East;” 
to South East they are " South East by South,” and “ South 
laist bv East ;” to North West they are “ North West by 
North.” and “ North West by West;” and to South West 
th( y are “ South West by Soutb,” and “ South West by West.” 

I here yet remain eight points, equidistant between the several 
rardinals and the compounds : these have their designations 
made by prefixing, to that of the adjunct compound, that of the 
cardinal to which it is nearest. Thus between North and North 
West, the point is calU‘d “North, North VV'estand that 
between North W^st and West, is called “ West, North West 
fhtiB we have “ North, North East," and “ East, North East;” 

“ Soul!), South West,” and “ West, South West,” “ South, 
South East,” and “ East, South East." In the figure, the 
initials only of these designations are given, for want of room; 
but it may he obsened at the same time, that the points of the 
compass are in general denoted only by their initials. The 
North point of the compass, is more commonly distinguished 
by a rteur-de-lis, or some other ornament, than by a letter. 

In steering a vessel, it has been usual for the helmsman to 
have one compass, and the captain in his cabin to have an- 
olher, and the want of a perfect correspondence between the 
instr'aments, or the inattention of one party, often rendered 
the helmsman chargeable with neglects, which he refused to 
jieknowtedge. To prevent these misunderstandings, and some 
other inconveniences, an improvement of the compass was 
thought of by Smith and Harris, Opticians, in Liverpool, and 
a patent taken out by them for the invention. They efl'ected 
their purpose by making the card of thin paper rendered very 
;u- Vni.. II. ‘JA 


MAOITKTtSif* 





UmBspMwnt* med pltctng il to lh«t ti coidd «l me/f W ttt«d by 
the helflMaiMi, *m eeeo io the otbtiik The edeentegee of the 
MW eonfMae hive vecdived that itibetintiil MknowiedttiMiit 
whieh ccmeieti in the i^eiieimt use ef the initieo^l lao they 
ere atmted ea fdUowe: 

1. The ideniieal ooai|Mita by which Uie helmiiMii iaateeriiig 
on deek» ia |datiily viaible io the cabins 

2. The huiip Of candle, which lighta the tnnacli, ia placed 
in the cabin, and cannot therefore be affected by the wind. 

3. The hinack ahewa no light overboard, and the veaael 
cannot tlMwidbfe be traced by an eneflav at night. 

4. The compaaa ia ao conatrucied. that the card cannot be 
displaced any i^itaticn of the veaaei. 

The Azimyth Compam. 

% 

This inatroment ia nearly the aanie ma the preceding : the 
principal difference conaiata in the adaptation to it of twoaighu, 
through which tbg tun or a atar may be aeen, to find iu azi- 
math, and thence to aacemnn the decbnaticHi of the needle at 
the place of obaervatton. Theae aigbtv are upright pieces of 
brass, placed diametrically opposite each other; in one of 
them IB an oblong aperture, with a thread or slender wire 
stretched down the middle of it: the other sight conlatna only 
a narrow slit, of the Mme length, conaeanentiy the thread in 
the one sight ta just opposite the alii in tne other, and the oh> 
server knows whan he looks through them centrally. The ring 
of the gimbals rests with its pivots on a aeraiocircie, the foot 
of wbi^ turns in a socket, so that without moving its outer** 
most box, the compass may he turned rofund, in order to place 
the sights iu the direction of the sun, atar, or other object to 
be viewed ; for this instrunM^nt ta used to take Uie bearings of 
headlands, abtpt, and other object* at a distance, as well as for 
taking the declination of the needle. 

The Dipfditg Needie. 

M 

To form this ioairument, an axis is passed through a needk, 
of the same shape as the common needle; the iecminaltona of 
the axis are conical, and they fit into small holes of the same 
' shape in two cross bara.^f, fig. U. T^ needle, before it is 
magneiiaed, muai be made ao as to He perfectly hormontal, 
when suspended between theoe hers; then, alWr being ren- 
dmed magnetic, its north pole wiil in Ihiacoeiftry be found to 
dip about 72 degrees below its fiddlier mtnaiion, or keel of the 
horixon. In a lower ktflude thh dtp will not be to great | in 
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ft higher ifttitiida it will be greater; and at the magnetie pole, 
whieh cannot be far removed from the pole of the earth, it 
would doobtless be vertical. The aeaDtity of the dip is tadi> 
^ted by a graduated circle to whicn the needle points. This 
instrument, when used at sea, *js suspended by a ring, that it 
may hang perpendiculariy ; but when used on shore it is set 
down on a stand £F, which has a spirit4evel on it, and three 
screws to set it perfectly horitontal before the observation is 
made. It is of importance in using the ins^ument. to guard 
against the imperfection of the balance of the n^dle, which it 
perhaps best done, by reversing its magnetism, after an obser* 
vation has been taken, and then taking another; the mean of 
the two observations may be assumed as the truth. The dip¬ 
ping needle must be placed in the magneticai meridian, to 
give a true indication. 


MaGNETICAL ExPBtlWENTS. 

m 

1. If a small magnet be placed upon a table, strewed with 
iron filings, and a tremulous motion be given to the table by 
a few blows, the filings will be observed to arrange ^emselves 
in a very curious thinner. From the centre of each end or 
pole of the magnet, they will lie nearly in a straight line; but 
on each side of the magnet they will dispose themselves in 
concentric curvM, both extremities of which terminate in the 
sides of the magnet, and they have pretty nearly the magnetic 
centre for their middle point. The cause of this appearance 
is, that each particle of iron becomes, for the moment, a mag¬ 
net, and disposes itself accordingly, at the place where it lies, 
attracting, at the same time, the opposite poles of the neigh¬ 
bouring particles. 

2. Select a piece of iron, the weight of which is rather more 
than a given magnet will support, in the ordinary manner of 
lifting it f'om a table or from the earth. Hold tKe iron upon 
the magnet, over another piece of iron, which should be at the 
distance of about an inch; thus circumstanced, it will be found 
that the magnet will support the iron which just before was 
too heavy for it. In this manner, a magnet will always lift a 
greater weight over a block of iron, than over any substance 
incapable of becoming magneticai. The reason is, that the 
detached piece of iron becomes for the time magneticai, the 
magnetism of its upper surface is the opposite of that of the 
pole nearest to it, and therefore, by increasing the power of 
the magnet, as opposite poles always do, it enables it to sus¬ 
tain a greater weight than usual. 




If • stniigit piece of wire, wliidi lUw l»etii r^ideied iw* 
nelicftt, lie twitted in m tpirtl ibra, iti nitgiietiMn will be 
etfti^If o<Hifii#ed: in tome petit H-will etlree^ in otliini 
i^el ^ tbie Mine >pole, end tbit will in tone portiont of ^e 
wire tidie piwce on lit oppotilt tidet. Hiit experinuint t»- 
pwwn to indioatt the dttpottiion of fbo Antd to 0ow in e rtipt 
line.' 


4. To «u»b ettrendtif of e tbtetd, lit m piect of tof^ iron 
wire, end li^tbetwopaecaiof wire be of tbecune length. Snt* 
pend the tbretd itt iiiddle from t mil in t wtll or toy timi* 
itr tnpport, Ibt^iig; it owce round the ntil, to prevebl it from 
tlipping. The two wiiet will now btng downelcwe together, 
end ti the ttme beig^. • Bring die north pide of t mignet 
near their lower ettreoilttea, and they will immedittcly recede 
from etch other, hectttte the north pole of t nmgoet gitea the 
lower end of each wire the opposite or south polarity, and 
similar poles are mutually repulsive. For this reason, if the 
south pole of the magnet be presented in like manner, the 
wires will diverge as Wfore, alUiongh their lower ends have 
obtained north polarity. ABer the magnet hat been withdrawn, 
the wires, being deprived of their magnetism, hang together 
as at first But if, inilaad of soft iron, the wires be made of 
hardened steel, the repdlaion once excited will continue after 
the magnet is removed, from the property of steel which ena¬ 
bles it to retain its magnetism. 

5. A tee>totum with a piece of iron in thp lop of* it may. 
even while in motion, ho taken up by a nrngnet, and its mo¬ 
tion, whila thus suspended vertically, will continue as if it 
remained upon the table. Ihe experiment may be rendered 
still more diverting, by ukiog up another iee>totum by the 
bottom of the first, and this second may have iu motion in 
an opposite direction to ||to other. 

6. Another expenmeiil with which childfen are much de¬ 
lighted, consists in mihing the figure of a swan in wax, with 
an iron tongue $ if this awnnhc placed npon a baisn of water, 
and a piece of bread. wiOl Omagnet concealed in k, be held 
at some distance, the swgo immediately proceed towerda 
it, and wtU foBow it in 4% direction. 
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AnsTRACT OF Magnetism. 


1. That principle which produces the phenomena of Mag¬ 
netism. is not cognizable by our senses, except by its eftects ; 
but it is consi<lered to be a fluid, and spoken tof under the 
denomination of the magnetic fluid. 

2. Iron has been usually considered as the only substance 
susceptible of magnetism ; but late investigations, which have 
been made with great care, liave rendered it extremely proba¬ 
ble that both nickel and cobalt likewise submit to the influ¬ 
ence of the same power. 

3. Magnets are either natural or artificial ; natural magnets 
are ores of iron, dug out of the earth in a roagnetical state ; 
artificial magnets are made of steel, by the help of a natural 
magnet, or of another artificial magnet. 

4. In every magnet, there are two opposite points, which at 
all times and places, will, if the magnet be at liberty to move 
either without or with very little friction, turn to the poles ot 
the world, or nearly so. 

fi. It is this singular property, which is called polarity, that 
renders the magnet so useful in navigation. 

(). The jioles of magnets, if of the same name, as when two 
north or two south poles are brought near together, repel each 
other; dirterenl poles, on the contrary. each other. The 

centre of a magnet neither attracts nor repels. 

7. The earth itself acts as a great magnet, the poles of which 
nearly but not <|uite coincide with the geographical poles. 

8. It is this diflcrence between the magnetical and the 
geographical poles, that produces the declination of the needle, 
which turns to the former, and only indicates the latter by the 
nearness of the two. 

9. The magnetical poles arc not fixed points, but the cause 

of their motion is unknown. . 

10. The constant change which the motion of the magnetic 
poles produces in the decliwUwn of the needle, is the cause of 
what is called the variation of the compass. 

11. At all places not 90 degrees from ibe magnetic poles, 
one pole of a magnet suspended by its centre sinks below the 
horizon, which-is called the dip or inclination of the needle. 

12. In the nortliern hemisphere, it is the north jwle wbicn 
dips ; and in the southern hemisphere it is the south pole. 
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13. To render a natural magnet capable of lifting a weight 
with the force of both polea. it is furnished with an armature ; 
an artificial magnet, fur the same purpose, is made in the form 
of a horse-shoe. 

14. Soft iron receives magnetism with great facility, but 
loses it almost immediately : steel, on the contrary, but espe¬ 
cially hardened steel, is not easily afiected ; but tbe portion it 
receives, it permanently retains. 

15. A magnet employed in the communication of magnet¬ 
ism, father gains than loses strength. 

IG. A steel bar, rendered magnetic, and resting by its 
centre upon a point, so as to be st liberty to turn in any di¬ 
rection, IS. witn the box which contains it, and # card on which 
are written the names of the winds, called the mariwi^t 
compaM, 

17. The azitnuih compass diffors chiefly from the above in 
having two sights, through which may be seen the sun or any 
heavenly body, of which the atimuth is to be taken. 

18. The dipping needle, is made by accurately suspending 
a bar of steel, in an unraagnetical state, on the pivots of an 
axis passing througii its centre; it is then magnetized, and 
dipt according to the action of the north or south pole upon it- 
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ELECTRICITY. 

A DBY giMs rod or tub#, rubbed several time# upwait!# and 
ciownward# with a dry hand, and immediately presented to 
light bodies of any description, will for a certain length of 
tmie alternately attract and repel them, if, after each repul¬ 
sion, they have come in contact with some otliff body._To 

that principle, which produces this effect, and to the science 
which treats of it in ail its modihcations, is given the name of 
eiectthil^. The term electricity is derived from the Greek 
word signifying amber, and has been adopted because amber 
was the first substance upon which friction was known to pro¬ 
duce this effect. ' 


JTntortf of Ehcirfcily. 

The earUest account of electricity, artificially excited, of 
which we have any record, is carried as far back as 600 years 
before the birth of Christ, when Thales, the Milesian, observed 
that amber, after having been rubbed, possessed the power of 
attracting liglvt bodies, such as feathers, &c. We have no 
proof that much notice was taken of this fact; indeed it 
would appear of too little consequence to be much regarded ; 
and it does not even seem to have been known that any other 
substance resembled amber in iu aUractive property after fric¬ 
tion, till about 300 years afterwards, when Theophrastus men¬ 
tions that a stone, which he called /yuci/zm/m, and which is 
supposed to be the same with vkhat is now called the tourmalin, 
possessed the same peculiarity. From this period commences 
anotljer chasm in |be history of electricity, of 1900 years’ du¬ 
ration. The cofUibftencement of the seventeenth century, may 
be considered the earliest era at which the science takes its 
date. The person who first contributed essentially to its es¬ 
tablishment, was Dr. William Gilbert, who, in the year 1600, 
published a book Dt Maguete, which contains a variety of 
electrical experiments, relative, however, merely to such sub¬ 
stances as bad the properties of amber, the whole of which 
class of bodies are now called electrics. These properties as 
yet excited uo general interest; they became not the exclusive 
objmt of any one’s attention, but only transiently arrested the 
notice of those whose researches extended to every branch of 
knowledge, however unpromising and trivial its appearance. 
Afler the date of Gilberas book, additions contiiutod to be 
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made to the catalogue of electrics, but nothing of moment u t» 
observed further, ttll about the year 1670. A^bout this time, 
the celebrated Robert Boyle greatly enlarged the catalogue of 
electrics, discovered that their effects were increasetLby wining 
and warming them before they were rubbed ; and mw a faint 
elicitation of the electric light, from some diamonds which he 
had rubbed to give them the |>ower of attraction. 

Otto Guericke, of Magdeburg, who was contemporary with 
Boyle, and justly famed as the inventor of the air>pump, was 
eminently successful in his electrical pursuits. He constructed 
a globe of sulphur, to which he applied his hand, while it 
was whirled round in a proper frame, by which means he had 
the pleasure of observing that he obtained an accumulation of 
electricity far beyond any fomner example, and which enabled 
him to perform a great variety of electrical exficrinients with 
singular advantage. He discovered electrical repulsion, and 
not only saw in a state of intensity the electric light, of which 
Boyle had seen but a girmpse, but heard the sound with which 
It IS accompanied, lie also observed that a feather, when 
repelled by an excited electric, always keeps the same tide 
towards tlie body which repels it, and that, after having been 
repelled, it is not again attracted till it hat touched some 
other body. 

The torch of investigation into this subject, had now become 
distinctly lighted, and the number of discoveries increasing 
with considerable rapidity, kept alive curiosity, though not 
without some fluctuations. iClr. Wall, by rubbing amber upon 
a woollen substance in the dark, produced considerable quan¬ 
tities of electrical light, accompanied by a crackling noise ; and 
he remarked, that ** this light and crackling seems, in some de¬ 
gree, to represent thunder and lightning.* In 1709, appeared a 
treatise by Hauksbee, which possessed great merit. The author 
repeated and confirmed the experimenU|||nf Dr. Wall, and 
noticed the sensation communicated to tli^ianU by the elec¬ 
tric spark. He introduced the important improvement of 
using a glass globe instead of a sulphur one, and among 
other new experiments, relates a method of rendering opaque 
botlie.s transparent by means of electricity. He lined more 
than lialf of the inside of a glass globe with ^ling-wax; and 
having exhausted the globe, he put it in motion; when, apply¬ 
ing his hand to excite it, he saw the ahape and figure of all the 
parts of his hand distinctly and perfectly, on the concave 
superficies of the wax within, Just as if only uncoated, pure 
glass had been interposed between his eye and liis hand. The 
mitng, where it was spread the thinnest, would but just allow 
the sight of a candle through it in the dark } but in some places 
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the wax was at leaat the eighth part of an inch thick; yet the 
wboie appeared eo^ually traiisparent* The wax did not adhere 
to the glasa in all places, but this seemed an immaterial circum* 
stance,<»-Pitcb answered the purpose as well as sealing>f:ax> 

Sir Isaac'^ewton’s discoveries attracted so much notice, 
that electricity was kept for a time in the hack 4 ;round; but 
soon after the decease of that great roan, the opening that 
appeared for new diacoveriea in it again brought it forward. 
Hitherto the distinction between electrics, such as amber, 
glass. &G. which were excited by rubbing, .and those bodies 
which were only capable of receiving electricity, appears to 
have been scarcely thought of. The distinct view of it was ac¬ 
cidentally obtained by Stephen Grey, in the year 1729. After 
many inedectuai attempts to excite an electric power in 
nictaU, by heating, rubbing, and hammering, he recurred to a 
suspicion he had for some time entertained, that, as a glass 
tube, when rubbed in the dark, oomniunicatcd its light to 
various bodies, it might possibly at the same time communicate 
to them an electricity or power of attracting light bodies. 
To examine this matter, he provided himself with a glass tube, 
three feet five inches long, and nearly one inch and two-tenths 
in diameter. To each end was fitted a cork, to keep the dust 
out when the tube was not in use. llis first experiments were 
made with a view to determine whether the tube would 
attrcct equally well with the ends closed by corks, as when 
they were open. In this respect there was no difl'erence. but 
Ite found that the corks attracted'and repelled light substances 
even with rather more power than the tube itself. He then 
fixed an ivory ball upon a stick of fir, about four inches long, 
and thrusting the end of the stick into one of the corks, he 
found that the ball obtained a strong power of attraction and 
repulsion, lie varied the experiment, by fixing the ball upon 
long sticks, and tmon pieces of‘brass and iron wire, and 
always.obtained same result; also when be suspended 
the ball by a packthread from a balcony twenty-six feet high, 
be still found, at this and all other heights, that by rubbing 
the tube, the ball acquired the same power as in his first 
experiment. 

Orey’a next attempt was to ascertain whether electricily 
could be conveyed liorizontally as well as perpendicularly. 
With Uiis view he fixed a cord to a nail which was in one of 
the beams of the ceiling, and making a loop at that cud which 
hung down, he inserted his packthread, with the ball at the cud 
of it, through the loop of the cord, and retired with the tubo 
to the other end of the room ; but in this state he found that 
ball had no power of attraction. W^heeler, a friend of his, to 
35.— VoL. II. 2 B 
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whom he related hit ditappointment, auggeated lh%t the aup* 
porting packthread, from its coaraeneaa, might intercept the 
electric power, and proposed to aubatitutt a silken thread. 
Upon 4hi8 change being make in the apparatoa, the taperi- 
menU (which were made by Grey and hit friend jointly) com¬ 
pletely succeeded, and the ivory ball ahewed aij^t of electri¬ 
city at the distance of 147 feet from the glasa tube. In 
subsequent experiments, they increased the conducting cord, 
till at length the ailken thread supporting it, broke : as they 
attributed their auccets, since tne adoption of the silken 
thread, entirely to the fineness of that material, they naturally 
conjectured that brass or iron wire would be still more 
advantageous; upon making the trial, however, they were 
completely disappointed, mr they found that the ivory 
ball betrayed not the slightest evidence of electricity. 
They therefore again resorted to the use of silk, but used it 
thicker than before ; and by this means conveyed tlie elrc- 
tric power, without any apparent diminution, to the distance 
of 765 feet. 

Such were the experiments which immediotely led to the 
important truth, that though a great number of bodies had the 

I lower of conducting the electric energ)*, yet there were other 
lodiea which entili^ly stopped its course; and aa the former 
were called c<tndmctor$, the latter were called uon»conductor$. It 
was soon found that those bodies which shewed signs of elec¬ 
tricity by rubbing were always non-conductors, and that thoi*e 
which could not be brought to this state, were conductors. 
Grey continued a lealous electrician to the time of bis de¬ 
cease, and made many interesting discoveries. In particular, 
along with his friend, he discovered tlie method of insulating 
bodies which were electrified, by placing them upon a non¬ 
conducting body, and thus preventing the electricity they have 
received from immediately flying off. 

The capital discovery made by Grey and Wheeler, bad been 
announced but a short tiroe, before another, scarcely less 
important, was made by Du Fay, who was intendant of the 
French king’s gardens. It arose from casually observing, that 
thongh an excited glass tube repelled a piece of leaf gold, yet 
an excited piece of gum copal eagerly attracted the same 
msteriaJ. Du Fsy found upon trial, that sealing-wax, sulphur, 
resin, and a number of other aubatancea, produced the same 
effeci as gum copil. To the electricity of thoia substances 
which attracted the gold leaf after eicitation, he gaee the name 
of the retiwtus electricity, as they were moat of ^em resins; 
and to the electricity of gtasa he gave the name of the wtmmg 
electricity, for he entertained hot a doubt but their name w'ss 
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at oppotiUe at their effects. Da Fay, amon^ other experiments, 
fmina it impossible to excite a tube in which the air was con* 
densed; and in repeating Grey’s experiments, with a pack* 
thread, he perceived that they succeeded better by vretting 
the line. Hair. bKRing a non*conducior. Grey had insulated 
and electri&ed a buy by suspending him with hair lines ^ Du 
Fay, in repeating this experiment of the effects of electricity 
on the animal body, suspended himself by silken cords; in 
this situation, sfiarks of Are were drawn from him, on his 
being touched by any one, and both be and the other person 
felt a sharp pain nt the instant of contact, which was accom¬ 
panied by a snapping noise. When aiiotlicr person, by hold* 
ing a rod of metal, touched the one that was electrified, the 
spark was drawn as before. From this instance of the accu¬ 
mulation of electricity, and its being drawn oft' by metal, 
Grey inferred, and in fact, his former experiments in electri¬ 
fying insulated substances had proved, that electricity might 
be collected in metal, as well as the animal body, and drawn 
during a short interval, as it was wanted. This suggested 
to him tile prupricly of that part of an electrical machine now 
called the prime conductor, which he formed by suspending 
n piece of metal near his excited glass tube, and thus was 
enabled to draw sparks from it. The method of making the 
prime conductor in the form of a tube was first adopted in 
Germany, in 1742, where tlie use of the glass globe adopted 
by Hauksbee was revived, and the conductor was at first sup¬ 
ported by a man standing upon cakes of resin, but afterwards 
It was suspended by silken lines. In Germany, also, about 
ihe same time, a woollen rubber was used instead of the hand 
to excite the globe. 

Electricity had now become decidedly a part of philosophy, 
and it had become the duty of some to study that they might 
teach it; whilst others, who were disposed to the acquisition of 
knowledge, were incited by the desire of proving what others 
had asserted, or the higher motive of finding out something 
new. In this conflict of exertion, a discovery was made that 
may justly be considered as forming an epoch in the history 
of the science, which it immediately raised to an extraordinary 
degree of estimation. This discovery consisted in the art of 
accumulating eleciricily, by what is now called the Leaden 
phial. Towards the close of the year 1746, Von Kleist, dean 
of the cathedral of Camnin, made an experiment, of which he 
sent the following ouriotts account to Dr. Leiberkulm, at 
Berlin : ** When a naii, or a piece of thick brass wire, &c. is 
put into a sinaU apoth^ary’s phial, and electrified, remarkable 
effects follow : but the phial niust be very dry or warm. I 
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commonly rub it ov«r beforehand with a finger, on which 1 put 
some pounded chalk. If a little mercury, or a few drops of 
spirit of wine^ are put into it, the expcrtmeiii succeeds the 
hotter.# As soon as this phial and nail are removed from the 
electrifving glass, or the prime conductor to which it hath been 
expoteo, is taken away, it throws out a pencil of fiameso long, 
that with this burning niacbine in roy hand, I have taken above 
sixty steps in walking about my room. When it it electrified 
strongly, I can take it into another room, and there fire apirits 
of wine with it. If, while it is electrifying, 1 put my finger, 
or a piece of gold which 1 hold in my hand, to the nail. 1 
receive a shock which stuns my arms and shoulders. A tin 
tube, or a man placed upon electrics, is electrified much 
stronger by this means than in the common way. When 1 
present this phial and nail to a tin tube, which I have fifteen 
feet loner, nothing but experience can make a person believe 
how strongly it is electrified. Two thin glasses have been 
broken by the shock of it.” in this experiment, as the phial 
was of small dimensions, and as the circumstances essential 
to its gTeate:*t eflects were not combined, because they were 
unknown, the power of the electricity accumulated was 
inconsiderable ; but soon afterwards, the art of giving a strong 
shock was disoovered in Holland, because the vessels em¬ 
ployed happened to be larger. As it was known that the air, 
or the particles floating in it, abstracted the power of electrified 
bodies, 80 that even insulation was no remedy against their 
being in a short time deprived of it, an idea suggested itself to 
Musclieiibroek and some of Ins friends, that if the electrifieil 
body were entirely surrounded by a non-conductor, tile dissi¬ 
pation of the electricity would in a groat measure be prevented 
To realize this idea, a quantity of water was put into a bottle, 
and electrified till it was thought to be fully charged ; but here 
the original intention of the experiment was lost sight of, by 
an unexpected result which swallowed up all their attention. 
Cunmus, happening to hold bis vessel in one hand, while he 
endcavourt^ to disengage it from the conductor with tlie 
other, suddenly received a shock, which shook many ol his 
joints, passerl through bis breast, and in a high degree stunnetl 
and terrified him. in this manner was discovered what still 
continues to be called the e/ecfifc shock* At thia day it excites 
a smile to observe the tcmis in which the shock is spoken of 
by several of those who first submitted to its efibets. Mus- 
chenbroek, who tried the expeiimeiit with a thin glass bowl, 
told his friend Reaumur, .iu a letter writtitn shortly after¬ 
ward*, that he fell himself struck in his arms, shoulder, and 
breast; that he lost his breath for a time, and did not feel 





F-LECTIIICITV. 


m 


* K>(>ntri; PrimkUn'i cuftlatAlion «f Um Ut^Atn |*iii«l. . 

_ ___ .i_—__ 

btmteif well again for the space of two days. He addsj, that 
he would not take a secontl shock for the whole kingdom of 
France. In terms almost equally heightened by terror, speaks 
Aliamand; though be only made tlie experiment with a eom< 
mon beer-glaaii he declares that he lost his breath for some 
moments, amifedt such an intense pain in his right armf that 
be was appmfc^Sisive of bad consequences. Other phiioscH 
phers were, ijMk;^ver, found, who had the resolution to talce 
several shockj|||if- great intensity ; and one of the most hardy 
wished that he might die by the electric shock, in order that 
his death might lurnisth an article for the memoirs of the Pa¬ 
risian Academy. 

After the art of giving a shock by means of a phial or jar 
had been discovered. Uu- art of combining several jars, so as 
to unite their powers in one discharge, soon followed, and this 
im|trovemiM}t constituted what is now called a battery. It 
was made by Dr. Franklin, and resulted from his reflections 
on the phenomena of the Leyden phial, it had been found, 
that by coating the outside of the phial with a conducting 
substance, which communicated by a wire with the person 
who discharged it. the strength of the shock was exceedingly 
increased ; and that unless some conducting substance was in 
contact w till the outside of the jar, no charge could be given. 
])r. Franklin, in accounting for this circumstance, suggested 
that a charged phial or jar contained no more electricity than 
before; that as much was taken from one side as the other 
had above its natural portion, and that to discharge it, no- 
ihing more was necessary than to make a communication be¬ 
tween the two sides ; the electricity being by this means en¬ 
abled to regain its equilibrium, that equilibrium was instantly 
restored, and no signs of electricity remained. He also de¬ 
monstrated by experiments, that the electricity did not reside 
in the coating, as had been supposed, but in or upon the glass 
itself. After a phial was charged, he removed the coating, and 
found that upon applying a new coating, the shock might be 
received. When, to any body or surface, was attributed the 
property, according to this theory, of having more than its 
usual portion of electricity, the Doctor proposed to distinguish 
its state by the term plus or positive ; w hen the body or surface 
hud less titan its usual share of electriciW, its state was distin¬ 
guished by the term minus or negative. These terms answered 
the same end, and expressed thesame things, as those of vitreous 
and resinous, proposed by Du Fay, but they were supposed 
to he so much more appropriate, that their ndniission into the 
language of the science soon became complete. It may only 
therefore be necessary in this place to remark fuilher.that bodies 
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deciii&ed plusor fiosttifelv.nre those ooui^ed of tbe^itreous 
etectficily of Da Fay ; while ihoae eieotriied mtnwa or Dega> 
iiirely^ are potsetsed of wha^he teriued the reeUiooe electricity. 
The foimer seek atery opportuiiity of imparting, and olher 
of leoeiviog, eleolrimly. This conetderation of the aebject 
indaoed^kheeuppolirioii, ttokif themaidea of aevefal iarawere 
connected by nieaiia of a condoGtinf aubatanoe, and their 
outaidea connected with each other in like manner, they wonld 
receive and impart a charge, like a tingle jar, with the differ- 
ence only of power, which would be increaaed in proportion 
to theirnamber and size; and thua a battery of eny force 
would be obtained. By a battery it waa found that amatl 
aaimala might be inatantly killed, aa if atruck by lightning; 
and these coariacing examples of its power, induced philoao- 
pbera, where life waa concerned, to be more cautious in the 
use of it than they had been with Uiejar; but experiments 
of other kinds were prodigiously muUiphed. It waa prored 
that the electric matter might be conveyed to diatancea much 
exceeding wImU had yet been conjectured; the French phi* 
loaopbera conveyed it nearly three niilea, and Dr. Watson 
<1^ late bialiop of Uandan) conveyed it four miles, a 
distance which it traversed tnaUntaneoosly. In another ex- 
periment made by Dr. Watson, the electric matter waa con¬ 
veyed by a wire through tlie river Thaniea, and spirits were 
kindled by it, after it had run through this watery circuit. 
In other experiments it has been conveyed nine mile*, and a 
shock lias been sent through ISOO men, with a velocity im¬ 
measurably rapid. 

The field for electrical experiments !iad now become very 
extensive, but there still wanted data that might lead to a more 
minute knowledge of the nature of ihepriimiple thus brought 
into actian, and of the various circumstancea that vflire eaaen- 
tial to its production. Dr. W’ataon. ^wever, made tome ex¬ 
periments which tended to these Mints. Having tubbed a 
glass tube, while he was insulated, by standing upon a c^e 
of wax, in order to be electrified, he found that no snapping 
could W drawn from him by anothet person who toached any 
part of his body; but if a person not electrified held his hand 
near the tube while it was robbed, the snapping was very sensi¬ 
ble. He also ohservad that if an electriMl machine, and the per¬ 
son who turned it.weve suspended by iMlk,nofirawas produced; 
but if he touched the floor with one foot, tha Art appeared upon 
the conductor. From these aad other expariilieiiia m a «tei- 
lar nature, he infoived, that glass tubes and ghdMa®**^ aflTord 
the umans of obtaimog the efoctrfo tniugy, wjiish 
reatdein them, but is derived by them foom fciiiaexlamil source 
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Dr. Prmnkltn’s^planation of the phenomena of ^llejLejrden 
jar, and of plus and minus eiectricity, was ^ten in the 
course of a correspondence with bis friend Uollinson; in 
England, to whom he also communicated a cations and 
important observation on the power of points in drawing 
and throwing off the electric matter. The first intimation 
the latter particniar, he derived from one Thomas Hopkin- 
son, who electrified an iron bail of three or four inches in 
diameter with a needle fastened to it, expecting to draw a 
stronger spark from the point of it: but his expectation was 
entirely frustrated. ; 

The attention of those inclined to philosophical pursuits in 
Philadelphia, had been directed towards electricity by the care 
of Coilinson, who, about the year 1746, had sent to the 
Library Company in that city, an account of the extraordinary 
experiments then performing in Europe, together with a tube, 
and directions for its use. But Dr. Franklin’s eagerness in the 
research, and his suocess in making discoveries, exceeded that 
of ail his friends. In the year 1749, he suggested an expla¬ 
nation of the phenomena of thunder-gusts, and of the aurora 
borealis, on electrical principles ; he pointed out many particu¬ 
lars in which lightning and electricity agree; and in adverting 
to the power of pointed rods in drawing off lightning, he 
supposed that pointed rods of iron fixed in the air, when the 
atmosphere was loaded with lightning, might, without noise or 
danger, draw from it the matter of the tnunder bolt into the 
body of the earth. His words are: “ Tlio electric fluid is 
attracted by points. We do not know whether this property 
be in lightning: but since they agree in alt the particulars in 
which we can already compare them, it is not improbable that 
they agree likewise in this; let the experiment be made.” The 
earliest observation, it will be recollected, on the shnilarily of 
electricity and lightning, was made by Dr. Wall. On tho 
supposition of the identity of lightning and electricity, Frank¬ 
lin immediately saw and pointed out, that houses and ships 
might be secured from the effects of lightning by pointed iron 
rods, which should rise some feet above the most elevated 
part of them, and descend some feet into the ground or the 
wster. 

The msnner in which Dr. Franklin proposed to bring his 
epecttfations to trial, was to erect, on the top of a tower, or 
other elevated place, a sentry-box, from which might rise a 
pointed iron rod, insulated by being fixed in a cake of resin. 
Electrified clouds passing over this, would, he conceived, im¬ 
part to it a portion of their electricity, which would be rendered 
evident by the sparks it yielded on being touched by any con- 
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doclof. Pbiiidelphm at thi» li»» containc^PIto biii)dtfi||^ which 
Franklin deemed pro|>er for hie purpose; he therefore laid 
aaide the thoughts of realising his conjecttire, till the erection 
of some convenient edifice furnished him with the situation he 
r^uired. But while he thus postponed the completion of his 
views, they were, by the following means, realised in Prance, 
and produced incredible surprise. 

Franklin had ommonicated to his friend Coilinton, regular 
accounts of hit proceeding and theories, and CoUiitson 
publiihed them for the infonnaiton of the world. They 
were soon extensively circulated, and translated into dif* 
ferent langtmges. In France, the principles of Franklin, 
and several of the experiments by which they were sup¬ 
ported, soon became familiar to some of the chief phtlusoplicrs, 
and several of them, among whom were D’Alibsrd, and 
De Lor, determined separately to undertake the ex pen- 
tneni Franklin had proposed for bringing lightning from the 
clouds. D'Alibard prepared his apparatus at Mary-la-villc, 
about five or six leagues from Pans: it consisted of an iron 
rod forty feet long, the lower extremity of which was 
brought into a sentry-box, where the rain could not come ; 
while on the outside it was fastened to three wooden posts by 
long silken airings defended from the rain. In his absenetr, 
he entrusted the care of the machine to a joiner named 
Coissier, a man of sense and coinage, whom tie furitished 
with directions how to proceed in case of a thunder-storm. 
On the 10th of May, !752, between two and three in ihc 
afternoon, Coissier heard a clap of thunder, lie ran to llic 
apparatus, for D’Alibard was tlien absent, and drew sparks 
from the rod, in the presence of several witnesses. Eight 
days afterwards, De Lor proved equally successful with liis 
apparatus. 

While the laurels with which posterky sbogld crown the 
memory of Franklin were thus springing up in Europe," here bis 
character now became emblazoned with a general admiration of 
which he was ignorant, be had himself devised tlie means of 
easy access to the elevated regions of air. Ug concluded that 
a pointed rod of a moderate height would not onswer, and 
therefore did not try one; but it occurred to him that a comnioti 
kite, such as children amuse themselves with, would reach any 
height he wished. He accordingly prepared one of silk, that 
it might not be injured by rain, the straight piece of wood up 
the middle of it was pointed with iron,i ono at the first ap- 
ptonehtug diunder-storm, ho went to a convenient situation for 
nnahm: it. He was aistsied by his son, to whom alone be coin- 
flMHlicated his intentions, possibly vrilh a view to avoid the 
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appearance of nreiiAiture boasting if be should be unstsccessfui, 
and not uninfluenced by a wish to avoid the ridicule which 
would in that case attach to him. The string of the kite was 
of hemp, as usual, except at the lower ond, which was of silk. 
Where the hemp terminated, was fastened a key. After the 
kite had been raised, a thunder cloud passed over it» biat no 
electricity appeared. Disappointment appeared to be impendo 
ing^ when suddenly some loose flbres of the hempen string 
appeared to stand erect and to avoid one another, as if they bad 
been suspended by the conductor of a common electrical 
machine; he presented his knuckle to the key, a strong spark 
ensued, and as soon as the string became wet, tb« supply of 
electricity became copious. He afterwards prepared an insu* 
bted iron rod, to draw the lightning into his house, and by 
means of real lightning, be performed all the experiments usu¬ 
ally executed by means of electrical machines. This memo¬ 
rable experiment %vaH tried in June, 17.7*2: the French philo¬ 
sophers had therefore the precedence in pointof lime ; but they 
had only trod in the path which Franklin had explicitly 
pointed out to them. 

When the method of gitfing the electric shock had just 
been discovered, such was the influence of the feelings it in- 
hpired, that many of those %vho received it appeared to. ihiuk 
no terms too extravagant to convey an ioea of the violent 
t fleets of a charge which may be borne by a child ; but now 
the time for real terror had arrived ; and many who incau¬ 
tiously adventured to bring down the ethereal 6re, suHered 
much by violent shocks, while they incurred the most immi¬ 
nent hazard. In one instance, a fatal catastrophe ensued, 
and we shall record it for the sake of strongly impressing upon 
the young electrician the necessity of caution : On the 6th of 
August, 17^>3, Professor Uichman. of Petersburg, was making 
i xperiments on. lightning drawn into his own room. He bad 
provided himself with an instrument for measuring the quan¬ 
tity of electricity communicated to his apparatus, and as he 
stood with his head inclined to it, Solokow, an engraver, who 
was near him, observed a globe of blue fire, as large, as his 
fist, jump from the instrument, which was about a foot dis¬ 
tant, tow’ards his head. The professor was instantly dead, 
and Solokow was alao much hurt. The latter could give no 
particular account of the way in which he was afiected, for. 
at the time the professor wos struck, he stated that there 
arose a sort of ateam or vapour which entirely beipimbed 
him, and made him sink down to the ground, so that he 
could not even remember to have heard the clap of thunder, 
which was very loud. The globe of fire was attended with an 
35.--VOL. II. 2 C' 
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explosion like that of a pistol; the instrument for measuriog 
the electricity was broken to pieces, and the fm^ments thrown 
about the rocua. Among other ejects of the lightnine jn the 
chamber, the door-oaae was found to be hidf split iniougb, 
and the door torn off end thrown into the roosau A rein was 
opened in the profesaor*s body twice, but no blood followed : 
after which attempts were made to recover life by violent 
friction, but in vain : npcm turning the corpse with the face 
downwards, a small quantity of mood ran out at the mouth. 
There appeared a red spot on the forehead, from which came 
some drops of blood through the pores, without wounding the 
skin. The shoe belonging to the left foot was burst open, and 
on uncovering the foot, at that part was found a blue mark, 
nhence it was inferred that the electric matter, having enlere«l 
at the bead, made its way out again at that foot. Upon the 
body, particularly on the left sid^e, were several red and blue 
spots, resembling leather shrunk by heat, and many more 
became visible over the whole body, particularly over the back. 
That upon the forehead changed to a brownish red. but the 
hair of the head was not singed, in the place where the shoe 
was unripped, the stocking was entire; the coat also was 
wholly uninjured, and the waistcoat was only injured on the 
fore-flap where it joined the jbinder. On tlie hack of Soiok ow 'a 
coat apj^ared long narrow streaks, as if red-hot wires had 
burnt on the nap. 

When the professor s body was opened the next day, the 
cranium was very entire, having neither fissure nor contra- 
fUsure: the brain was sound, out the tranimaretit pellicles 
of the wind-pipe were excessively tender. There was some 
extravasated blood in it. as also in the cavities below the 
limgs. Those of the breast were quite sound; but those to¬ 
wards the back of a brownish colour, and fitled with more 
of the blood above-mentioned. The throat, the glands, and 
the small intestines, were all inflamed. The leather-coloured 
spots penetrated the skin only. In forty-eight hours, the 
body was so much corrupted that the removal of it bad become 
difiicttit. 


Riplanattr^ Remarkt, 

A gewral iden of n scieitce may oftin bstcnmmttiiicsted 
more pei^tiy by a reviesr of the rite smd prewressj of that 
•cienoil than by any other means. This rema^ appliea to 
ele«kiicity with fpeater force than to many other branohea of 
knowledge; nod in drawing op the preceding hietoricnhalmUsh. 
atten^on bes been paid to the extrusion of matter which bad 
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not instruction for its object. Among other points^ the chief 
technical terms belonging to the sobject have been in a goo4 
degree explained ; but to render the reference to them easy, 
we shall here collect and explain them more fully. 

All bodies which admit electricity to pass through them, are 
called conductors of electricity ; the same bodies are often called 
mn^Uctrks. 

All bodies which are impermeable to electricity, are called 
uon-cotiductors of electricity ; they are also called ekelrics, with 
almost enu.il frequency. 

Tlie following lists of these bodies will be useful to the 
reader; they are clas$(‘tl according to their excelleipe>: 


( oiidui ton or Non~electrics. 


Gold, 

Siliffr, 

('opper, 

Platina, 

Brass, 

lion, 

Till, 

Quicksilver. 

I.ead, 

Semi-iuctals, and metallic ores, 

Black lead, or curburet of iron. 

Charcoal from ail substances, 

The fluids of an animal body, 

Salt-water, fresh-water, and all non-elastic fluids, except 
fixed oils. 

Ice and snow, till cooled down—13® of Fahrenheit’s ther¬ 
mometer; below this temperature, Achard, of Berlin, found 
that they became electrics. 

Most saline substances, of which the metallic saifs are 
the best. 

Earthy substances. 

Smoke, 

The vapour of hot water. 

Elactrks or Non-conductors. 

V 

Qlasa, amd vitrifications, whether of earths or metals. 

All pMieioiis stones, of which the most transparent are 
the best, 

Amber, 
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Sulphur, 

All resinous substances, 

Baked wood, 

Whx, 

Silk. 

Cotton, 

Silk, hair, wool, feathers, and most animal substances, 
when dry. 

Paper, 

Air, and other elaslij 11 aids, 

Fixed oils. 

Metallic oxides, 

Tlie ashes of animal and tegetubfe substances. 

Dry vegetable substances. 

Most hard stones, of which the hardest are the best. 

The substances enumerated in each of these classes, do not, 
under all circumstances, preserve their distinctive character. 
Thus glass, the best electric, becomes a conductor when red- 
hot; and rosin, another excellent electric, becomes u conductor 
when melted. The air also becomes a conductor when damp, 
and at ordinary temperatures is never so free from moisture as 
not to carry oti'electricity in some degree. In short, no sub¬ 
stance is known to he perfect according to its class: the best 
conductor ofi'ers some resistance to the passage of iht. electric 
fluid ; and over or through the best electric this subtile iigenl is 
in some degree transmitted, it occasionally hap|)eusthat the 
same substance becomes changed in its electrical properties 
without any assignable cause : parcels of glass arc sometimes 
met with which are imperfect conductors, yet in the course 
of time they change to good electrics ; or on the contrary, if 

f ood electrics at first, they change to imperfect conductors, 
'he properties of any particular piece of charcoal can hardly 
be koown without examination: some piecea of it arc good 
conductors, others c|uite the reverse. Baked wood only re- 
munt a good electric, while it continues free from moisture ; 
green vegetables, fresh wood.&c. are conductors on act ount 
of the water they contain. Hence when electrics are to be 
extited, it is necessary to guard against the eflfecla of moisture, 
by warming them ; and baked wood is iraniished, and after¬ 
wards thoroughly dried, on the same account. , 

it it a disputed point whether a perfect vaouaw is a con> 
diH^kir nr not. The vacuum of the mui air-pump, for example, 
wbaii the air is rarefied one thousand times, ia pervaderl by 
electricity; but according to Walsh and Morgan, the best 
Torricellian vacuum is a non-conductor; other experimentt. 
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however, of which several were fried by Walker, widi every 
precaution, evince the contrary. 

Bodies which are supported by electrics, so that their com< 
munication with the earth, by means of any conductor^ is in> 
terrupted, are said to be imuialed ; thus a person is equally 
insulated when ho stands uf>on a stool with glass legs, or is 
suspended by silken cords from a ceiling. 

When an electric, by rubbing it with another body, or by 
any other means than that of direct communication with an¬ 
other electrified body, is brought into an electrified stale, that 
is, a state in which it alternately attracts and repels light 
bodies, it is said to be excited. Electrics are the only bodies 
susceptible of excitation, and it is by this property they are 
distinguislied from conductors. 

The hand, a piece of leather, or any other body by which 
an electric is rubbed, with a view to its excitation, is called a 
ruhhet. 

Electricity is found to be of two kinds, which are generally 
distinguished by the appellations of positive and negative, or 
their equivalents p/us and tniaus. In what the difference of 
these electricities consists, has been much contested. Dr. 
Franklin, we liave observed, argues that when bodies are elec¬ 
trified positively, their electricity is redundant, or greater than 
their natural quantity; when they are electrified negatively, 
on the contrarv, he supposes that part of tlieir natural 
quantity of electricity is abstracted T?te consideration ot 
this subject will be resumed hereafter, but it may be ob¬ 
served in this place, that the positive and negative eltclri- 
cilies attract each other; though each kind strongly repels 
Itself when existing in two difi'erent bodies. We liave also 
*>bserved before, that the positive electricity has been called 
the vitreous, and the negative the resinous; but these two 
terms are little used. 

The two electricities may be distinguished in the following 
manner: if a pointed conductor, such as a needle, be presented 
to an excitad glass tube in the dark, a globular speck ot light 
will be observed upon its point, which is a proof that the tube 
is electrified positively ; butif thi.s pointed conductor be pre¬ 
sented to an excited stick of seabug-wax, a stream or pencil tit 
light will be observed, which is an equally distiuctivc mark of 
the negative electricity in the electric. 

The same aubstaiice, excited by a different rubber, will 
alternately be electrified plus and minus. If a polished tube or 
piece of glass be draw'n across the back of a cat, it acquires 
the negative electricity ; with a rubber of any other buhstaiice, 
it acquires the positive electricity. If the glab-s be louglreacd. 



204 


i: I.F.CTRICITV. 


KYpIsMlofjr r««ark».----Cjrliml«r BiaetiiM*. 


it acquires ihe oecatiTe electricity, when the rubber is ibe 
human hand, woollen cloth, wax, &c. but the contrary when 
dry oiled tUk. sulphur, or mstals, are the rubbers. When 
Ibe roughened glass is greased, and rubbed with a rough sur¬ 
face. it resumea the poaitiire electricity. It seems a general 
rule, that the smoothest of two bodies will, on friction, exhibit 
positive electricity. White silk becomes positive when black 
ailk is the rubber; and negative when paper or the hand is 
the rubber. Sealing-wax is positive wnen rubbed with 
metals, and negative when rubWd with «the hand, leather, 
woollen cloth, &c. 

A rubber acquires tlie electricity opposite to that of the 
body it is employed to excite ; for the two electricities always 
accoin{>any each other. 

The cause of electricity is supposed to be a fluid, which is 
therefore called the eiectfic jiuia. 

Any electric body, the surfaces of which possess tlie two 
difl'erent electricities, is said to be fhttrgtti. 

Our object will now be to describe the construction and use 
of the principal machines by which electricity may be accumu¬ 
lated, and accommodated to the purpose of experiment: the 
details of a variety of experiineuts will then follow, and after 
having thus brought forward some of the most interesting facts 
of the science, we‘shall proceed to the consideration of the 
theory' of electricity. 


Of Experimental Appaeatls. 

The Cylinder Machine. 

The simplest kinds of electrical apparatus, such as glass 
tubes, rolls of sealing-wax, cakes of resin, See. require no sepa- 
rate description, as they will be sufficiently understood by 
their names. We shall therefore commence witli«the descrip¬ 
tion of the cylinder machine, which is most commonly desig¬ 
nated by ihe appellation of ** the electrical machine,” without 
anyfurther marx of distinction. 

The cylinder machine is represented'by fig. 1, pi. I. The 
various parts of which it consists, are supported upon a stout 
board. AB, which is generally made of mahogaiw for the sake 
of neatness. In the two pillars or supports CD, torn the 
pivota attached to the hollow glass cylinder E. This cylin- 
xkr should he well annealed, made as true as possible, and be 
p'erfectly clean and dry within. In the centre of each end it 
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ha# a short neck, upon uhich are cemented cap«» either of 
wood or brass. These caps have pivots upon them, of which 
the one that enters the pillar D simply works in that pillar; 
hut the other passes entirely through the milar C, and the 
winch F, by which the cylinder may be revoWed* is fastened 
upon its extremity. The part of the winch a b, is sometimes 
made of glass, in order the more effectually to prevent the es¬ 
cape of the electric fluid collected on the cylind^er. The glass 
is adapted by having a brass or wooden cap cemented on each 
eml ol it; to one of these caps is fitted the part F.helJ in the 
hand ; and in the other is a square hole, to be received upon 
the square termination of the pivot of the cylinder, and there 
fastened by means of a screw. 

The pillars, CD, if made of wood, must be completely dried, 
by baking in an <'jven, and afterwards varnished : but they are 
often made, of solid glass cylinders, cemented at the top and 
bottom into metal or wooden caps, as mentioned for the han- 
ille, and also exemplified in the manner of supporting the con¬ 
ductor and rubber mentioned below. 

G is the rubber, which consists of a cushion stuffed evenly 
with curled hair, a little concave on the face, that it may apply 
itself flat against the cylinder. The back or outside of the cush¬ 
ion is made of wood, rounded on all its edges. The side next the 
c ylinder is covered with leather, generally red bazil. To the 
lower edge of the cushion is glued a piece of black silk, of 
equal breadth ; this flap is brought up between the ci.shiou and 
the cylinder, and lies over about one half of the latter. The silk 
generally used is that called black mode. The support g, of the 
rubber, is a pillar of glass cemented into a socket or cap of metal 
at the top and bottom, for the convenience of affixing the other 
parts : at the bottom it is fixed in a sliding, piece, to admit of its 
oeing set so as to presswith more or less force against the cylin¬ 
der. When it is set in the manner required, a small screw, h, 
prevents the sliding-piece from yielding. The cushion also has 
another adjustment. The cylinder, with whatever care it may 
be fastened upon its pivots, will not revolve with the precision of 
a body formed in a lathe, because, being only blown glass, it is 
not true itself; hence to render the pressure against it tolerably 
uniform, a spring is placed within the cushion, in the manner 
shftwn by fig. 2, where the spring j: .r, is seen e^geway. This 
spring spreads itself out, when the pressure is increased by a 
swell of the glass; and on the contrary, when the pressure 
is diminished by a hollow, the spring becomes more incurv- 
ated. The size of the spring is equal to that of the cushion, 
and it is fastened by a pin in the middle to the board y, to 
keep it in its plaoo. 
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The prime conductor* H. is tuppolted in tile Mine muniwr 
as the rubber* but does not slide at the bottom. It^oonaiaU 
of a tube of brass or tin>pUte. or any other cooduoling 
r.ub&tance: for large machines it is ofien made of pasteboard. 
Us terminations are generally globular, but the chief rule 
to be observed in forming it is to make it free from allsbai^ 
edges or corners* which would rapidly throw 00* (die electric 
dutd. Hence even when holes are made in the prime con* 
doctor, they should be well rounded at the edges. The 
prime conductor may either be placed at right angles to or 
parallel with the axis of the cylinder. When placed in the 
former position* the globular end ol it at the greatest dis> 
tance from the cylinder is often made larger than the other* 
because there the electricity makes the greatest effort to 
escape. At that end of the prime conductor which is next 
the glass, are filed two or three short, pointed wires* wtucli 
draw oti the eleclticity rapidly from the cylinder, and are 
called colieciun. 

The size of the conductor is of some importance as well as 
Its form. The larger it is, the denser and longer the spark 
which may he drawn from it; regard must, however, be paid 
to the size of the cylinder, otherwise the dittsipatiou from the 
surface of the conductor may destroy the advantage of its 
size. 

A wire k, with a globular Ik'ikI, is often fixed at the end of 
the prime conductor, into which it is screwed, in order to be re- 
raoveable at pleasure. From the knob of this wire may be drawn 
a longer spark than from any other part of t!ie machine. 

The rubber, used in the state it has been deseiibed, will 
produce only an insignificant excitation of the cylinder i tii 
order therefore to increase its effect, it is rubbed with a mixture 
of metals called an amalgam. Amalgams are differentiy pre¬ 
pared, but the best are made ol tin and mercury, or zinc and 
mercury. Cavallo dinxts the aiualgaiii of tin to be made by 
mixing two parts of mercury with one of tin-foil, adding a 
little powdered chalk, and mixing the whole until it becomes 
a mass like paste. For the amalgam of zinc, heal four or five 

K arts of mercury higher than the boiling point of water, and 
avc in readiness one part of melted zinc. Pour the heated 
mercury into a wooden box. and immediately after pour ihe 
melted ainc upon it. Close the boa, and shake it for a^ut 
half a minute. After the amalgam thus made ia cold, mix it 
by ibituration with a small quantity of grease, aueb at tallow, 
mutton, suet, &-c. a very small quantity of finely powuared 
whitening, and about a fourth part of the above amalgam vOf 
tin. This ainalgam of zinc is the best. ^ « 
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und^ «de of Hit evliader while it it feed#ed«the exdtitioni 
wHi toon heeomt ttry ttn»iK, and tfierim iM^^hedAHftined tw 
ttbttfidwiee» I' . i 

Mmy expemoente hate been made to aeetrCaiD the beii. 
mode of coottractiog tbe rubber, aad Hie one deeotihed hat' 
been found the beat: the priOctpa! peiat to be (diaerred is, to 
make the aide that tonebea the giam aa perfocta Conductor ae 
poasibie, in eider to anpply efootrioity, whfbb at acoompiiahed 
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be one of the bast oonHcendnctori^ in cNrder thid it may not 
take back again the electricity eicited on the glats. < • 

Tbe cement by which the caps of the OyUnders amfoatened 
to their neck% and the ioanlating glass ptUart of the rubber 
and prime conductor to their socketa, M made by melbng 
equal quantities of bees-wa* and rosin with one*iourth of 

their weight of red oohre.|| ... 

When bked wood is employed for the insulating aufq^ite 
of the cylinder, rubber, and primp condeetm, it mutt, aa 
already oBeerred, be vamtabed, to keep it from imbibing 
ture. wbicb would conduct the electricity to the earth. A 
similar precaution meat be used with gleea piilara, ®®r • tery 
email quantity of meiatotro, uhich is eo ent to be coMenwd 
upon uieir aurfabe, would rendm It difficult to ^proceed with w 
course of eaperimentsu ^e ramiah coaiiiKmly used for gl^, 
is sealing«wex, which is laid on either by melttog it. or w^ 
it il in a state of aohitkie. It ia mosteasiiy laid on by meltiiig 
It, for nothing mme' k tmceaaary Huui to l»at the glMi, anA 
when ft it srmtn enough^ to tub a etiidt of seahiqf-wax oww A 
till it hi complete^tefed.' When the Upeling-wa* » 
ployed in a atate of aoluiioo^ it most be put into alooliol in* 
smAt pieces, and whlk disaolred, the moH bwowerw 
with It by rnetue of» oaibera hair penciK Sweial costa wll 
beffinceasMy. * 'fhiuii^hod, though lOoire troeblfiote^* mmtA 
a tmooHief ooeeAng than the oHier.« <ilaaU mllara. ifrw 
ing been mwiieWid^ not only attract tett 
bat are meiw*«iiaily freed ftoai it when acquired. Wto thw 


requite Kfpilig»«a awwin pieoe or aim, a«» w ■ 
lithe most e^Wi material to uaei ‘ ^ 

With reapeet to the glaia of which tfre cybiKler la waOe, wm 
36.—Voi. II. 2 D 
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kind call^ white flint, or Engiith cf^tal, gOnertliy used for 
table-glasses, is most approved. It is an important point to 
haire It w^l Annealed, inat if, it aboald be kept in an oven, or 
covered with hot atbea, and suffered to cool in the slowest 
manner n^ible. 11 is not verf material, whether the glaas be 
thin or thick, though thin is perhaps preferable, if it be but 
strong enough to mr making the experimenta. Some kinds 
of glass, we have observed above, are not so flt for electric pur¬ 
poses as other kinds; but a cylinder which is faulty from the 
nature of the glass, may be improved by lining it with a good 
electric. A proper composition for this purpose, may be 
made of four parts of Venice turpentine, one part of rosin, 
and one part of beea-wax. These ingredients must be 
boiled together for about two hours, over a gentle fire, 
and atinred very often: afterwards the composition must be 
left to cool, add reserved for use. To line a cylinder 
with this mixture, a suflicient quantity of it must be broken 
into small pieces and put witliin the cylinder, which must 
be uniformly heated, by turning it before the 6re, and 
when the composition is melted, it must be spread equally 
over all the interior, so as.to be about the ttiiekness of a 
sixpence. 

It is not uncommon to revolve cylinder by means of a 
multiplying wheel; that is, the winch is affixed to a wheel which 
turns, either by teeth or by a band, another smaller wheel on 
the axis of the cylinder. By this means the cylinder is revol ved 
about four times for the winch once; but these contrivances 
are apt to be often out of order, and to make a noise which is 
ditai^eable; besides, Biey add^notbing to the real power of 
the machine, while they increase its complexity and expense. 
A velocity of about five feet per second almost destroys the 
excitation of electricity; it is extent of surface, rather than 
velocity, which is essential to the formation of a powerful 
machine; the cylinder of which may be turned with aufficient 
rapidity 1^ means of a winch upon the tame axis. The pre¬ 
dilection for multiplying wheels ort|pnatcd at a time when the 
itt^ect had been but little examined. 

the cylinder, conductor, rubber, and pillars of the eleetricnl 
machine should, when it is in use, be perfectly dry, and to 
ensure this they should be rather warm than othei wise. When 
therefore it is to be employed in cold or damp weather, it 
should be set before a fire for some lima, and every part well 
nibbed with warm flannel or silk, and when the least damp is 
•llepteted, the rubber should be taken ofl* and dried separately. 
The endf of the cylinder may be covered with varnish or 
amding-wax, in the same manner as the pillars, to prevent the 
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eifecU of moisture, aa the ends are not so easily rahbed dry 
as the face of the cylinder. 

The machine being supposed to be in .order, and a oommti* 
nicalton made between tne rubber and the ground, by means 
of a chain or piece of wire attached to it; on turning t^ cylin^ 
der with the wincby the electric fluid, in the form of sparks, 
accompanied with a snapping noise, may be drawn from the 
prime conductor, by presenting to it the knuckle, or any blunt 
uninsulated conductor. If any pointed body, such as a needle, 
be presented to the conductor while the cylinder is turned, a 
star or ulobule of light will be seen at the point, but no noise 
will be heard. 

When the communication between the rubber and the earth 
is removed, and the same sort of communication is, instead of 
it, made between the earth and prime conductor; on presenting 
the needle to the rubber, a brush or pencil of light will be ob¬ 
served at its point. In tbe former case, that is, while the rub¬ 
ber communicates with the eartli, the electricity of the conduc¬ 
tor is positive, aud it passes olT through the needle to the 
earth: in tlie latter case, tb^ electricity is negative, for the 
glass has taken from tbe insulated rubber all its electricity, 
which is conveyed from the glass to the earth by the prime 
conductor; therefore, on presentiug the needle, the rubber 
draws through it, from Ihe earth, electricity to compensate 
what it has lost. By this means may negative or positive 
sparks be obtained at pleasure, and it will be found tnat the 
former are more pungent than the other. Another evlinder, 
like the prime conductor, is often attached to the rubber, for 
the purpose of drawing strong negative sparks. This second 
couduclor is therefore called the negative conductor, while the 
other is called the pmitive conductor. 

The Plate Machine. 

* 

When glass was first used as the electric of a machine, the 
form of a globe was adopted; but afterwmds the cylinder, as 
above described, was found more convenient and economical, 
aud entirely superseded the globe. Dr. Ingenhouz, however, 
introduced tbe use of a flat cylindrical plate, turning on a 
hori&ontal axis in the manner of a wheel, and the machine thus 
constructed has many good properUes; it is simple, elegant, 
compact, and powerful. A r^resentation of it is given at fig. 
3. pi. 1. On a stout board OH, are flrmlv jointed two uprights 
ijjkl, which are united for the purpose oi greater steadiness by 
tbe cross piece F. The plate OP, is ground truly flat, and 
inilished in tbe manner looking-glasses are made, and a hole is 
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made in ite^eenire* by wbacli meam it can be fitted npen tm 
axia, the form of which la ahewn at:fif*4. The part a cdihki 
axis ia ilwoker than any other paiJt of the aide or half a bs at r 
the axta ia acreired; and thtaaorewed part ia father Wat to dfa> 
meter than the part a» bat« by the depth of the thread at 
it ia more than the ihickneta of the part c b. The hole in the 
centre of the {date Joat fits parte, ao that one aide of it lira 
fiat againat the aboolder d: aooUier ahoulder /, being tapped 
so aa to acrew apon e» will therefore, wbrni screwed o», make 
the {date as tight aa may be oecetaary, beeaitae the screw 
reaches a little within the p«rfonition of the glaaa. The direc¬ 
tion in which tlie plate it reroived, should ^ contrary to that 
which would open tiie screw. A teft-haiided screw will there¬ 
fore be the moat conventenii 

Plate machines hiwe at least four rubbers, two oa each tide 
of the glass. Thea^ubbert are made of red leather atufled 
with curled hair, like those of the common machine, but they 
are connected togetlier tn putrt. and made to press against the 
glass by screws, one of which it shewn at A, ng. 3. To these 
rubbers are attached fiapa of bUek oiled ailk» a i, on oiia side 
of the glass. The prime conottoior is supported on a glass 
pillar, and hat a aemi-ctreuiar arm at the end next the |mta. 
termiaated by two tpherea, on the side of which next the 
glass, are potnU to collect ilie electric tluid. 

prom the great surface expotwd by a plate, these nischines 
are aaaceptible of a strong excitatioa, and they bare of late 
been preferred by lecturem in general; dhey would probably 
be atili more common, were it not for the great expenre of 
ground glass, when of large diameter. 

The inaulatioii of the rubbers, and consequently the obtaining 
of negaUre electricity, it not so easily perform^ by the piste 
machine as the cylinder one: the means yet adopted to accom¬ 
plish this have in general been rather complex. It may, how¬ 
ever, be done by making the rubbers in the form shewn at fig. 6. 
the part x being glass, aad oenarnled by a cap at the top and 
bottom to the rubber and thn frame; chatoa or wires must be 
iwed when the nihhert are intended to cotnnmnicate with the 
earth for fhe supply of positive electricity; 

l^e most pdwerj^ut electrical machine ever made was of this 
dvKriptioa, It was oonalructed by Cuthbertsoav a oelebiated 
l^iloaophicai inmrameot-aaakm’ in Xxmdoa, for TeylePs mu- 
aeitiiH at Haarlem. It conaisted of two ctreahur plates of 
glass, each 65 inches in diameter, and made ^tnni upon the 
mtme bomcntal axis, at file dhstance of 74 inches from one 
another* These plate# were esciled by eight rubbers,* esdi 
l«54 ,ilifihss long. Both eidet of the pktea were covered will. 
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% retiiiout tiibitliace, to the distance of 16| incbee from the 
centre, not only to render the plates etronger, bat likewiae to 
prevent any of the ekctrieity from beioK carried off by the 
axis. The prime conductor contieted ot eeveral pieces, and 
was supports by three glass pillars 57 inches in leog^. Tiro 
plates were made of French glass, as this is found to prodoce 
the greatest qoaatity of electricity next to English flint, wfadch 
could not be procured of sufficient size. The couductor was 
divided into two branches, which entered between the pistes, 
and collected the electric fluid by means of points from their 
inner surfaces only. The force of two men was required to 
work this machine; but when it was to be kept in action for 
any length of time, four were necessary. By iflO turns of this 
machine, Dr. Van Maram charged 225 jars, each containing 
ons foot of coated surface. 


The Leaden Vltial, or Eiectnc Jar. 

Electricity, derived from the condnctor of a machine, is 
accumulated, and for a time preserved, by means of electrics 
coated with conducting substonces. Glass is the electric most 
usually employed, and the form generally selected is that of a 
bottle or jiir. “Leyden phial,” and “electric jar,” are syno¬ 
nymous terms. This part of the electrical apparatus is repie- 
sented by flg. 6, pi. 1. The jar is coated with tin-foil, ^th 
within snd without, to the height a b; the tin-foil is held upon 
the glass by gum^water. flour-paste, or any other slight cement 
which is not very combustible; varnish, if u^ed, might be set 
on Are in using the jar. From the height a 5 to the mouth of 
the jar, both wiiliin and without, the glass is left uncoated, in 
order that no communication of the electric fluid may occur 
without an Hitentional application for that purpose. Theroouth 
of the jar is covered with a piece of wood, wnich is baked snd 
varnished, consequently a non-conductor like the glass itself. 
In this wooden cover is inserted a wire with a knob at the top; 
the wire descends, and is in contact with the inside costing of 
the jar, either directly, or by means of a small piece of chain, 
attached to its lower end; the chain is not so apt to scrape off 
the coating as the wire itself would be, in wide-mouthed jars, 
or those Without a neck, a large cork is fixed at some distance 
from the bottom, through which the single wire from the knob 
passes, and Ixwuinates in several branches that touoh the in¬ 
side ooatiog in diflTsrent parts. 

To chaige Bie electric jar, the knob k of the wire is held to 
the prime conductor of the machine, while the outside of the 
jar communicates with the earth, by means of the table on 
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which it restsi or the htnd in which it is held. When the ma* 
chine is in order, a few revolutions of the winch charges the 
j&r, and renders it capable of exhibiting its surprising prof>er> 
ii€«. The jar is said to be positively electrified, when the in¬ 
side receives the eleotrio fluid, and the outside is connected 
with the earth; on the contrary, when the outside receives the 
charge, which is done by insulating it while the inside com¬ 
municates with the earth, (he jar is said to be negatively elec¬ 
trified. ill either state, if a cominunicalion be made between 
the two coatings, by any condncling substance, the equilibrium 
is immediately restored with a fiash. A jur cannot be charged 
plus, unless there be a coimiiunicutiun between its outside coat¬ 
ing and the earth, except in a luoiht ainiospliere ; nor miuus, 
unless its inside coating commuiucHtes witb the eartb. 

In selecting jars fo^ucetrical purposes, care shoold be taken 
to have the glass eqmnly thick in every part. When a jar is 
in tliis respect much deiVclive. if struitgly charged, it wdl 
break in the thinnest part. The thinner the jar, the more 
easy it is to charge it; thin jarn are therefore proper for ma¬ 
chines of inconsiderable power, but the total charge they will 
receive is not equal to that of a strong jar. 

If the jam employed b.* sulticiently wide at the mouth to 
admit of the hand, thev may be coaled with tin-fuil willnu 
almost as easily as on their exterior; but when they have but 
a narrow opening, brass or other int taUic filings, may be mixed 
up with gum-water, then poured in. and the jars turned till the 
mixture touche* every part required,—The amalgam used for 
silvering glass globes, <a recipe for which is given in antuher 
part of this work,) also affords a ready method of coating nar¬ 
row-necked jars. 

it is necessary that the coating of a jar should not extend very 
near the top on either side, otherwise it will discharge itself. 
A distance of two or three inches should always be allowed. 

If a slip of writing-paper, about one*third of an inch broad, 
be pasted round an electrical jar, so that lU bottom edge shall 
just be ill contact with the u|iper.edge or lop of the ouUide 
coating, the air will have less power to draw off its charge 
than before, 

77te lUeclrU' Batterj^. 

The electric battery is formed by combining a number of 
jars in the manner shewn by fig. 7, pi. 1. A wooden bo.v of a 
size adapted to the number of jara it is to eontaiti. and not 
quitaso deep as the jars are high, is divided into compartments, 
each of which will just receive one jar. By this means the 
jars are prevented from being jammed against each other. Ibe 
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vertical wires which proceed from each row of these iart are 
screwed or utiierwise fastened to a horizontal wire, WX, which 
is knobbed at its extremities. These horizonta! wires connect 
ail the jars of the same row, and the rows are connected by 
shorter wires, as QRS, which proceed from them. The short 
wires QllS, are moveable upon their respective horizontal 
wires, which pass through a ring in one of their extremities, 
and therefoie, by placing them in contact with the horizontal 
wires, or drawing them back, either the whole or any number' 
of the rows of jars in a battery may be employed at once. 

When a battery is always intended to oe used entire, the 
best construction is, to have a ball at the top of every vertical 
wire as in a single lar, and to let the horizontal wires pass 
through these balls both across the length and breadth of the 
battery, so that they will foiiii sqnarcs, ^the corners of which 
are the balls. liy this arrangement, the passage of the electric 
fluid is It'ss interrupted than in the former. The vertical wires 
may either be supported by corks fixed within the jar, or by a 
wooden cover. 

To render more complete the communication of the outside 
Ci-atings of the jars with the earth, the compartments of the 
box are entirely lined with tin-foil; and on one side of the box 
is a hole, through which passes a metallic hook, F, which is in 
coiilocl with the lining of the box, and consequently with the 
outside coalings of the jars. With this hook may be connected 
a wire communicating with the earth, aLso any substances 
through which the charge of the battery is desired to pass.— 
A handle, K, is fixed on each .side of the wooden box, for the 
purpose of conveniently moving the battery. 

In electrical experiments it is a general rule to avoid mois¬ 
ture, yet by blowing into jars from the mouth, which is best 
<loue through a tube, they are not less liable to break than 
before, but they will bear a charge one-third stronger than 
they would otherwise admit. 

A powerful battery may be formed of common green glass 
bottles, such as are used fo%wine, porter, &c. They must be 
coated «iid furnished with a wire in the same manner as ordi¬ 
nary iart. 

When any difference is known to exi.st in the strength of Ihe 
jars employed to foim a battery, the weakest lars should be 
placed on the aide furthest from that where the discharge is 
made. By observing this rule, Brookes found that he could 
use cracked jars, after having repaired them with the following 
competitionTake of Spanish white eight ounces; heat it 
veryhJtio an iron ladle, to evaporate all the moisture; and 
when cool, sift it through a lawn sieve; add three ounces of 




off tlioff^ oad ooMliMio tlio o^ifmir titt tl bootd. . ^ 

Pkteo or of i^Mi, oootea on botli willi tin* 

foil, to wMbiooboiit li»irM inoli of tboodgo, o food 

bottory* b«t llMf do iwt ietMii tbo eboifo oo^loog os Jus. 

tlMfowor of>« botbtiyiftei^fwMod ocoordtiw to Uie oomlMf 
9 $ Mtaavo liMi wluoii It oooteiM of oootod otmoo. 

WMn o bott^ io not foood to tiUie o ohorge in lb« 
«jipoetod» it OMiy bt «u«|Mieted tbit mm or iooc« of tbo jan w 
enioked, to whielt com no oborgo oon bo giron onfU tbo mam- 
deot io rofMirod. No oieUiod bos yet been dtsooftrod wbicb 
•o effeetiudW preveots jors from being strnck ibrongh by the 
eieetriodMu^, at 4^01 discovered by Brookes, whose recipe 
for mendii^l jors bos just been given. His plan oonsists in 

« toing wfittiig*poper between the tin«foit costing end the jor. 

e lio-lbit is first nested on the |Mper, end Iben the latter 
ufMHi the gkaa. AfUr adopting this espedient, be never bad 
a jar atniw tbrongh, altboo^ some that be employed were so 
large aa to cmitssB three gsliMsa each. On the contrary, he 
found that jam coated with brata filings, mixed up with a ce¬ 
ment composed td pitob, rosin, sod wax, were struck tbrongh 
with a very toss obatgo. paper, wbicb answered so well, is 


point to Ibe probable cfibcts of other sttbstances applied to 
tidk purpose. 

In dtsobarging elecliica} jam or batteries, the electric fluid 
peases in the greatest rpmotity through the beet condoctom, end 
Wthe shonest coame. Thus,if adbain end a wire, communi¬ 
cating wi^ the ontwaid coatiag, be pcisbiited to the knob of a 
jar, the greater partof tbe idiafga wiU pass by tba wira. because 
the chain is the worse oondneior, from tbo watt of peifeot oon- 
tinaity iniboliiikai Whantbo dktdbeigammade by tbaebain 
only, aparke are aaenat eveiy 11% wbiob would got bMpen if 
tbev worn in contact: and at it reoiaifea odnaiderablt loros in 
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&«ir extrentitet mty be brought logetber* or eepem^ si ^ 
is required* 1%e wires sre (lointed st^bo extfeaitti8s#tb«l 
Iwing screwed also at a little distance the poio^ eicii^ 
them admits of a small sphere or knob bessgiscrewed ifpoAit. • * 

To dtschuge a ^ar with this rod* the wires are opened till 
their extrei^es will reach from the knob of the Jar to its oat- 
side coating, and the discharge immediat^y follows the ei^* 
,btishment of the commnnicatioo between these two parts ; a 
battery is discharged in the same manner, by tonebing, with 
one limb of the instrument* the hook, or the wirewttociied to 
the hook, in contact with the outside coatings, and with the 
other limb touching one of the wires communicating with the 
inside coatings. 

In making the discharge-, the electricity only passes through 
the metallic part of the instrument, and« therefore the person 
who holds by the glass handle, receives no shock. Some 
pan of it, however, might reach him, if the surface of the glass 
Happened to be damp. 

When the discharge is used with knobs at its extremities, 
the* discharge is mnde with a Hash and a report, but when 
points are used, the discharge is silent, and invisible also, ex» 
cept in the dark. 


Henke's Univenat lUscharger. 

This is a very convenient inslrument, and is used in a great 
number of experiments, to make the electric discharge through 
or upon particular substances. The base of the instrument, A B, 
fig. pi. I, IS a flat board, generally made about fifteen inches 
long, four broad, and one thick. CD are two glass pillars, ce¬ 
mented into braes sockets which are Screwed to the board AB. 
These pillars are also furnished with brass Caps at their tops; 
and through short tubes, bh, connected with them, pass the 
wires FG. Within each of the tubes b b, ia a spring, which 
pressing upon the wife, keeps it at all times from being loose. 
These wires hate three motions, for the purpose of placing them 
in any situation: the first motion is backward and forward, 
through the Cubes b b, and consequently in the same direction 
with these tnbSs; the second is a vertical motion; by means of 
a joint at c c; the tllfrd a horizontal motion, produoeef by the 
lower part of the Jotats'c c being cylindrical, tfnd turning in 
sockets. Bach of the wires is furnished with an open ring at 
one end, and at the other has a brasa knob; but the knob only 
upon the egtreWfity 4f the wire, which is poin^, and 
enters a socket conlatnW a spring; * it is therefore put on or 
itn&oved in a ihomenf. * K is a slrocg drcular piece of wood, 
36.-Vot. 11. 2 E 
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about ftv« in dtauttar, ftnd the lipM entice of nrhieii 
it inUud with e eltp of ivor|'. 1i!he ipilkr i ie hollow# end diie 
hoUow receivee e irtomi cylindriod ettm from the ondeteide of 
the tehlet K# which muf theiefore be ixed ei diffeteot heigbte 
by Qusuu of e MMitt iciew in. 

To thie iotlracatenl betoon the wnell preu^repreiefited el Bg. 
10. which cooskdi of e tehlet end cUon ihet oen ei eny time be 
eobetitoted in ^ eooket 1. fig. 0. for the tehlet K; on the top 
of it ere pieced two oblong piecee of boerd. which ere preeeed 
together oy SMene of two emeU ecrewe, e e. Between theee 
boer^ eaey be pieced eny eubetence wbicli rm|ttires preeeure 
while tbe eleotno ebock le cent through it. 

Eitctrometen. 

Instmniente for eecerteiniog the degree in which eny body 
it electrihed. or tbe pretence or kind of electricity, ere celled 
dietrtmuten. 

0r. Priestley recommendt, as one of the timplett electroniie« 
tera. e tiogle fibre of lulk ea it comet from the worm, which 
being extremely light and flexible, eery readily ditcoeert tbe 
electric properitea of any body, by being firat attracted and 
then repelled by it i and at this aubatance, at the tame time, 
hat a power of retaining ita electricity very strongly, we hare 
thus an opportunity of determining whether tbe body, from 
which it received the electricity, was posttive or negative. 

iiext to the nae of a single fibre, to detect electricity. Can- 
ton’s ^ctrometer is the moat simple. To form this instrument, 
e threml of linen, r it, fig. 11, pi. I, is fastened to a thread of 
silk, • o. To each exUemi^ or the linen thread is fastened a 
aanall cork or pith hall. Ickuig hold of the silken thread, 
pfcaent these balk to any body of which it is required to know 
whether it is in an electrical atade mr net, end if it have any 
c^ctricity to comaenicele, after the belle have been with¬ 
drawn, they will repel each oUier, and not coliapee for a con- 
aiderabk time aftcrwaidi. ^ Tbe further they repel each ether, 
tbe stronger is the electricity they have reemvad* 

Cavallo. to avoid the obstruction of the wind Ujpen Canton’s 
electrometer, contrived to enclose tbe coHt beUa in a bottle, 
end by thk means formtd a much more ^gant imd ce^lete 
instrument, of which the following is nearly hta deaciiptioo: 
CDMIf, fig. 12, ia an open glass yeaaal» narrowet at th# tgp 
thanat the bottom, and cmaented into the woodmi piece AB, 
by which part the instrument is held when it is to be proj^^ 
to the atmosphere, or it may be set down npem ston alabio fim 
others oip^nieots. Thia wooden piece ako sortoa to sciow 
the kisirttiiient into its wooden case O* Tbe uppmr pwrt « 
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CDMN, is fapcrii^ like tke neck of m end eelfiirt |;itM 
tube u cemented into it, so »s to pro|ect m iit^e above mad m 
little within the neck of the former. Then the ni^er part of 
the instrument, from CD to L. is covered wt^ sealing-wax. in 
the mannei;.described for covering the pillars of the electridd 
machine. The inner part Q, of the snudl glass tube, is also 
ccvered with sealing-wax. Into this tnbe a brass wire is ce¬ 
mented. the lower part H of which is flsttened. and is perfo¬ 
rated with two holes: the upper part L is formed into a screw, 
into which the brass cap EP is screwed. The offitie of this cap 
is to defend the opper part of the instrument from the rain. 
The corks, P. of this electrometer, which are generally globular, 
or in some form approachine to that, are as small as can 
be made, and are suspended by exceedingly fine silver wires, 
the upper parts of which ar^ formed iato rings, which pass 
through the holes at H, and are thereby so loosely suspended, 
that they arc caused to diveige when the brass cap E is ex¬ 
posed to a very slightly electrified atmosphere. iM and 
are two narrow slips of tin-foil stuck to the inside of the g—.-s, 
and coromnnicaling with the wooden bottom AB. The silver 
wires must be long enough to {.ilow' the cork balls to touch the 
tin-foil, in order that the electiicity they have received may be 
communicated to the eaith, as its accumulation would disturb 
the free motion of the corks. This insU'ument will shew signs 
of electricity, when the cap is rubbed or struck with a silk 
handkerchief; yet its delicacy has been further increased by 
Beiinet, who, for the silver wires and cork halls, substituted 
strips of leaf-gold, made four-fold ; with this alteration, how 
ever, the tiistrument is less portable than before. Covailo ob¬ 
serves, that fine threads, stiflened with glue, and used without 
any balls, will be found nearly as sensible as the slips of leaf-gold. 
Electrometers of this description are adapted to shew the pre- 
senee and kind of electricity lather than its degree. The balls 
will diverge, whether the electricity they receive be positive or 
n^^ive; but if the electricity he positive, they will collapse, or 
at least approach near each other, when the cap is touched 
with an excited stick of sealing-wax, tiie electricity of which 
is negatire; but if they separate further on the approach of 
the wax, the balls are negatively electrified. If excited glass 
be uaed, aa its electricity is opposite to that of the wax, an op¬ 
posite conclusion must he drawn from its effect. To try the 
electricity of the air, fogs, or clouds, with this instrument, it 
is only necessary for the observer to take it out of its case, and 
bold it up a little above its head, by the wooden bottom. 

Saussure suggested an improvement of Cavallo's electrome¬ 
ter, in which fine wires by which the balls were suspended 
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were not so long as to reach the ttn*foil pasted on the inside 
of tW^ gtass; because the electricity, when strong, would cause 
them to touch the tin-foil twice conaeentively, and thus de¬ 
prive thfem in a monient of their elcclricity. To prevent this 
defect, and vet leave them a sufficient degree ol mutton, he 
used larger glasses than are generally applied to Cavallo's elec¬ 
trometer; and found two or three inches diameter to be a pro¬ 
per siie. But at it is necessary to carry off the electricity 
which may bo ooiiiinunicated to tire inside of the glass, and 
thus be confounded with that which belongs to those sub¬ 
stances that arc under examination, four pieces of tin-foil 
should be pasted on the inside of llic glass; the balls should 
not be more than one-twi-ntietb of an inch in diameter, sus¬ 
pended by silver w’ire, mosini; freely in holes nicely rounded. 

The degree of electricity is measured by the quadrant elec¬ 
trometer, which ia a much more common instrument than the 
last mentioned,almost eve ry electrical machine being furnislu d 
with one. QR, fig. 13, is a rod of box-wood, terminating w iih 
n knob at the top, and with a slender pin like a pivot at the 
bottom, by which means it can readily be placed upon the swuU 
stand T, or in a bole upon the prime conductor of the < li rtri 
cal machine, or to the brass knob of a jar. W is a semi-circlr 
of ivory, a quadrant of which is graduated ; it is attached to 
the rod QR, and at its centre is fixed a niece of brass, frr in 
xvhich projects a small pin or axis. From tnis axis is suspendfd 
a very slender and light piece of box-wood y, vvith a cork oi 
pith bail at its lower extremity. When this instrument is lo-t 
electrified, the rod or index y hangs parallel to the jullar QU. 
but the moment it is electrihcd, the index y is ri'pelled by the 
pillar, and begins to move over the face of the ivory scnii-niclt.* 
W, and tlie number of degrees or extent of the arc intercepted 
betweoii the commencement and termination of its range, shrovs 
the intensity of thneharge to which it is exposed. This in¬ 
strument is made as firee from corners or sharp edges as pos¬ 
sible : the pillar and index are round and smooth, and the edo* s 
of the serai-cifcle well rounded ; and as it is composed of im¬ 
perfect conductors, it is not apt to dissipate the electricity uf 
the jnr or prime conductor to which it is applied ; but if, upon 
uiiidin the dark, it is fotidd to collect the electric matter, it 
jaap be suspected to be damp, and should be brought witidu 
the warmth of a fire. The semi-circle cannot he too dry, hut 
the pillar may be rendered au dry as not to receive the electric 
finio readilyieooogh to have a proper influence on the index ; 
tWi defect, however, may be temedted by damping it. Tfio 
iiidex of tbe electrometer never rises higher than IM degrees, 
b^ause the repulsion of the stem, when it is at 90 degrees, is 
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equal on both sides of it; in charging a large battery, it will 
seldom rise so high as degrees ; and when it rises abote 
80, the charge may be considered strong. 

Ififuiathig Stool. 

The insulating stool, represented at 6g. 1, pi. II, is merely a 
mahogany board with glass feet, which are varnished like other 
insulating supports that are made of glass. B} standing upon 
this stool, the human body may bo insulated ; and when, for 
medical purposes, it is necessary for a person to be insulated 
for a considerable time, it should be large enough to admit of 
a chair to be set upon it. The usual fault of insulating stools 
is, that the feet are impe^-fectly fastened, and apt to come out. 
This may be prevented, if the feet be first cemented into brass 
sockets f'f at least an inch and a half deep, and these sockets 
screwed to the wood ; but if the glass feet be let into the 
wood, tbev will either not have sockets sufficiently deep, or 
they will be (hick and clumsy. 

EI. K CT KIC .11- E\ l» E RI VI E NTS. 

To sheur (he Coune of the Electric *Fiui(i. 

1. Charge the jar, fig. 2, pi. 11, by holding its knob to the 
prime conductor during a few turns of themaciiine ; sol tin- jar 
upon a table, and present one of the pointed extremities of the 
discharging rod, M, fig. H, pi. I, about the distance of an inch 
from the knob, while tlie other pointed extremity is presented 
at an equal distance from the outside coating of the jar. The 
silent discharge of the jar will immediately commence, and the 
inside being electrified positively, it will be observed that the 
point e of the discharging rod i? illuminated with a star, and 
the pointy’with a brus}. or pt ncil; because the electric fluid, 
passing from the inside to the outside of the jar, enters the 
point e and issues at the point^'. But if tho jar is electrified 
negatively on the inside, as it is in that case always positive or 
in the opposite state on the outside, the pencil of rays will ap¬ 
pear upon Ujc point e and the star.upon the pointfor the 
electric fluid will then have to pa.is in an opposite direction. 

It must be observed, that this and all other experiments in 
which tho electric light is to be seen with advantage, should 
he performed in the dark. 

2. The prime conductor invented by Henley, and called 
/few/ey’s luminous conductor, is well adapled to shew the course 
of the electric fluid. The middle part, EF, fig. 3, pi. H, 
of this conductor, is a glass tube about eighteen inches long, 
and three or four inches in diameter. To both ends of this 



220 


ELECTlICirr. 


nA^Hn fiMk 


tabc ib« btawi etp* FI). B£, are cementod ak<4if^)it; one of 
ihein bee m point C, by wbicb it receives tbe electric flutd, 
when set neer the excited cylinder or piste of tbenachine, end 
tJie other has e knobbed wire G, from which e strong spark 
iney be drawn ^ and from each of the caps FD, BE, proceeds 
a knobbed wire within the glass tube. The brass cap FD, or 
BE, is composed of two naru, that ta, a tobe F, cemented to 
the glass tuM, with a ball D, which is «erewed upon the tube 
F, and at the end B is a stop-cock, which is dosed aftar the 
conductor has been exUaosted of air by tbe air-pump, and the 
ball G fitted upon its extremity. The aunporters of this in- 
atrument are two glass pillars fastened in the bottom board H, 
like the supporters of an ordinary prime conductor. When 
the glass tube of this conductor i» exhausted of air. and tbe 
brass ball is screwed on as represented in the figure, then it 
is fit for use. and may serve for a prime conductor to an dec- 
tricsi machine. If the point C of this conductor is act near 
the excited cylinder of a machine, it wilt appear illuminated 
with a star; and at the same time the gtnss tube will appear 
to be wholly illuminated with a feeble light, for the electric 
fluid becomes greatly diffused in vaouo; but fiom the knob¬ 
bed wire that proceeds within the glass from the piece FI), 
will issue a pencil cf light, and the opposite knob will appear 
illuminated with a star, which, as well as the pencil of rays, 
is very diatiucUy discernible among the other light, that oc¬ 
cupies the greatest part of the carity of the tube. If the point 
C, instead of being presented to tbe cylinder, be connected 
with the rubber of the machine, the appearance of light 
within the tube will be revwwed; the knob which communt- 
esatea with the cap FD appearing illuminated with a star, and 
the opposite knob with a pencil of rays; because in this case 
the direction of tbe electric fluid is just the contraiy of what 
it was before ; it then going from I) to B, and now coming 
from B to D. If the wirea within the tube EF, instead of 
bebig faraished with knobs, be pointed, tbe li^t isftill seen, 
but not so vividly. 

3. The condmeiing gloat imU is an experiment on tbe same 
pitficiple me the foregoing. To form it, take* a glass inbe, 
jaboot two inches in diameter, and two feet long; fix to one of 
ita<eiuis a brass cap, and to the ether a atop-oock or a valve; 
and exhaust the tune by means of an sir-pump. If this tube 
he held by one end, and its other end be brought near the 
tdeofrified prime conductor, it will appmir to be full of light 
whaaaver a spaik. is taken by it from the prime oenductor, or 
from a dbarged jar. This ezperimeid^ luay idso be made wkh 
the memfw of an air-pump: taka* lor taata&oi, a tall reeetsur; 
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cUan and dry; and through a hole at ita top insert a wire, which 
must be cemented air«ti^t. The end of the wire within the 
tube mutt be pointed, but not very sharp, and the other end 
must be fnrnished with a knob. Put this receiver upon the 
plate of the air-pump, and exhaust it. If now the knob of the 
wire at the top of the receiver be touched with the prime con¬ 
ductor, every spark will pass through the receiver in a dense and 
large body of light, from the wire to the plate of the air-pump. 
—^'Fhe communication between the receiver and the prime con¬ 
ductor may be made by means of the discharging rod, in this 
case, as well as in others where it would be inconvenient to 
lift the vessel through which the discharge is to be sent. 

The artijicuii Aurora Borraiis. 

Take ajphial in shape and size like a Florence flask, with a 
stop-cock adapted to it. ('lose the stop-cock after exhausting 
the phial of air, and rub the glass in the usual manner for ex¬ 
citing electrics, when it will immediately appear luminous 
within, witii a Hashing light, that forms a striking miniature 
li'scmbiance of the aurora borealis or nordiern lights. Instead 
of the glass phial to produce this effect, may be used a glass 
tube, exhausted of air, and hermetically sealed. 

The phial used in this experiment may be made luminous, if 
held by either end while the othar is presented to the prime con¬ 
ductor, the strong flashing light which then appears, will remain 
for some tihie after it has been removed from the prime con¬ 
ductor; and even several hours after it has been withdrawn, on 
grasping the phial with the hand, strong flashes of light will re¬ 
appear. 

To shne Electric Attraction and Repulsion. 

Two distinct bodies in the same electrical state repel each 
other, whether they have both more or less than their natural 
share of electricity; but if the one has more or less than the 
other, attraction takes place: this is a summary of the doc¬ 
trine of electrical attraction and repulsion, and explains the 
various experiments which bring these properties into action. 

1. If a b|indle of hairs or feathers be hung upon the prime 
conductor, the moment they are electrifled by working the 
machioe, they begin to fly from one another, and they will not 
again collapse until the electricity is taken ofl'. A fanciful 
mode of shewing this experiment consists in making the form 
of a human bead, see fig. 4, pi. 11, with hair on, and upon plac¬ 
ing this ima^ upon the electrified conductor, the hair imme- 
4mely stands up like ** quills upon the fretful porcupine.” 
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2. Electric attraction and repulsion may be ogreeably 
shewn by means of a glass tube and feather. When the tube 
IS excited, by being drawn through the hand, or a flannel 
rubber, the feather, when brought near it, will be attracted, 
and jump to the tube ; then, after taking sonic time to get 
fully saturated with the electric matter, (because, being a 
bad conductor, it can receive it but very slowly,) it will sud¬ 
denly jump from it, and fly towards the next conductor, to 
which It will iinpurt the redundant electricity it has acquired. 
If no other body happen to be in the way, it will tend to¬ 
wards the ground ; but by holding under it the electrified 
tube, itwiUstiHbc repelled, and therefore suspended, and 
niav be driven to any part of the room, sis it will always avoid 
the tube until it has touched sutne conductim^ substance. 
To continue this experiment for some timt, the air should be 
tolerably dry. 

A remarkable ciiciinistance. in perl'orming this experiment, 
is, that the feather always presents the same side to the glass 
tube, because, being a bail comiuetor, as just observed, it is 
only that ^ule of it which it prei^ents tii the tube, ibat is pos¬ 
sessed oi the .same eleetncity tit; the lube. 

3. Another common expel Jinent, to shew elcetrical attraction 
and repulsion lu an amusing lorin. consists in su.speiuliiig a 
flat plate of metal A, fiir- 6, from the prune; conductor, and 
underneath it, at the diatance of three or four inches, another 
plate B, of the same description, fixed upon a stand. Lpun 
the lower plate may be placetl some small figures of men and 
women, cut out of paper in such attitmles as lancy may sug¬ 
gest. .As soon as the upper plate, hy turning the machine, is 
clectiified, and therefi-re in an opposite stale to the lower 
plate, It has a disposition to attract the lower plate to it, in 
order to restore the equilibrium; but as the weight ol the 
latter is too considerable to be overcome, the figures placed 
upon it become the mediators, and accordingly they immedi- 
atelv rise upon their feet, and jump alternately from one plate 
to the other, thus exhibiting a kind of dance, performed with 
the most sportive vivacity. 

4. Insulate two bodies, and charge one of them plus, the 
etber minus. Then suspend between them, by a»i||ten string, 
an aftiflcial spider, of which the body may be cork and the legs 
the fibres of feathers; the spider will move from oot of the 
insulated bodies to the^ther till their charge is equalized. 

6. Place a cap or covering of metal upon the two extremi¬ 
ties of a glass tube four or five inches long, and enclose in the 
tube some saw-dust or pith-balls; then charge one of the plates 
plus and the other minus, when, as glass is a non-conductor, th^ 
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eauilibriiiiu can only be restored by the saw-du8t or balls, 
which will accordingly jumj) up and down till the charge of 
each plate is the sanx*. 

6, A great variety of experiments of this nature may be tried, 
br.t after adverting to the amusing one called the electric bells, 
we must leave the subject to the invention of the reader. From 
a small pedr.slal A, fig. (), rises a stem F, which supports a 
small bell H. From tliis bell rises a glass tube, to the top of 
which is cemented a brass ball, v\itb four wires of the same 
metal fasleoed in it at equal distances. From each extremity 
of these wiles, which terminate in small knobs, hangs, by a 
brass chain, a small bell, like the bell 11. I'rom the middle of 
each wire, hangs, by a silken thread, a small brass ball. The 
bells are all .suspended in the same plane, ami the balls a he d 
are at such a lieigiil that they will, if caused to vibrate, equally 
Klriko near llie base, the bell in the centie, and their re.spective 
bells banging from the wires. From tins construction it will 
bt; umk'rstood, that the brass halls a h c d are insulated, because 
they are suspt oded by silk; but the bell II has a communica¬ 
tion with the earth, bedtiuFe iis suppoit is a conductor, while 
It is separated from the brass knob C and the wires, by the 
non-comiiiclor or glass jxdar. Co’innoct knob C with the 
machine, by means of a chain or wire, and electrify it; the 
wift i and beihs suspended from them will be electrified at the 
same instant. As soon as this i.s done, the bells attract the 
insubited cl ipper.s, aiui having cuminunicatcd to them a little 
electricity, iminedialeiy repel them. The clappers now fly to 
deposit the electricity they li.ive received upon the central 
bell. They are then again in a condition to be attracted by 
the Buspeuded hells, and again rolirn to the centre bell on 
being repelled, and this alternate motion continues, accom¬ 
panied of course bv the ringing of the bells, till the electrifi¬ 
cation of the bail 0 is discontinued, or the communication of 
the bell B with the earth cut ofl'. 

To produce Flashes of Kfeciric Light. 

If two persons, one standing upon an insulated stool, and 
communicating with the pr*roe conductor, while the other 
stands upon the floor, hold in their hands plates of metal, in 
such a manner that the flat sides of the plates shall be oppo¬ 
site each other ajL the distance of about^wo inches; on strongly 
electrifyini^ tlie insulated person, dense and frequent flashes 
of light will be observed between the plates, forming a kind 
of artificial lightning. 


36.—VoL. II. 


2F 




224 


nr.F.CTRlCITr. 




To set Ji>^e to htjiammnhle Spiritt. 

To the knob k of the |jrime conductor, 6g. 1, |>I. i, when 
i lectrjfud, jntsent a saiall auantity of kpinta of wmc, held in 
a ^pooii, aiul rather warmed, and it will iiunicdiateiy be Hrcd 
by the spark. I'hc same experiment may be cunviuiently per¬ 
formed by putting the spirits into a small dish, which, by 
means of a wire from the bottom of it, may be placed upon 
the prime conductor. 

If a person, standing upon the insulating stool, and commu¬ 
nicating with the piime conductor, hold the spoon with the 
spirits in his hand, another person standing ujion the floor 
may set fire to the spirits, by presfiuing to it any conducting 
substance, or even his finger, if it could be drawn back with 
sufltcient rapidity to prevent its being scorched with the flame. 
—The experiment may he reversed; the person upon the floor 
may hold the spirit-s, and an insulated and electrified person 
may set fire to it by its touch. 

If an insulated and electrified person hold a vessel contain¬ 
ing ether in his hand, it will inflame without bting touched by 
any foreign body. 

The VniOU Eleitnc Atmospfure. 

This experiment was contrived by Beccana. OI, fig- 7, pi. 
II, represtmts a receivc*r with the plate of an air-pump, in th»? 
middle of (he plate IF, a short rod is fixed, having at Us top u 
metal ball, B, nicely polished, and the diameter of which is 
nearly two inches. From the top of the receiver, another rod 
AD, wiUi a like ball A, proceeds, and is cemented air-tight in 
the neck C ; the ilistance of the balls from one another being 
about four inches, or rather more. If, whsn the receiver i« 
exhausted of air, the ball A be electrified poiilively, by touch* 
ing the top D of the rod AC with the p'fime conductor, or an 
excited glass tube, a lucid atmosphere appears about it. which, 
aithough It consist of a feeble light, i.v vet very conspicuous 
and well defincf!, at the same lime that the ball B has not the 
lea»l light. Thi* atmosphere does not exist all round tbcfball 
A, but reaches from about the middle of it to a ainall distance 
beyond that side of its surface which is towards the nppoatle 
bail B, If the rod with the ball A be electrified ncyitivcly. 
then a lucid atni»)spherif, like that above dcaoribed, will appear 
noon the ball B, reaching from ihi middle to a email distance 
beyond that side of it that is towardi the ball A; at the wme 
time the negatively electrified ball A remairve without any light. 
The experimenter must take care not to electrify the ball A too 
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much, or the electric fluid will pass in a spark from one bail to 
the other, and the experiment wiU not have the desired efl'ect. 

“ By this elegant experiment,” says Cavalio, "we have an 
ocular demonstration of the theoi*y of a single electric fluid. 
We see that electricity consists of one uniform homogeneous 
fluid, and not of two, via. the vitreous and resinous, as some 
have supposed ; for, if the positive and negative electricity 
were two distinct fluids, attractive of one another, there should, 
in the above experiment, always appear two atmospheres; that 
is, one about the ball A, and anoliier about the ball B; for when 
the ball A is overcharged with eilhtr flai l, it should shew that 
sapcrriuuus fluid on its surface, and this fluid should attract 
towards the ball A an atmosphere of the contrary fluid from 
the ball B. But this is not the cuse, for the lucid atmosphere is 
always on one ball, namely, Biat which is overcharged with the 
electric fluid: thus when the hall A is electrified positively, 
the superfluous fluid is visible on that part of it which is nearest 
to the hall B; because B, heiiig in a contrary state of electri¬ 
city, endeavours loattrai t it; but when the bull A is electrified 
negatively, it will attract the fluid proper to the ball B, which 
fluid on that account appear.; on tlie surface of B just in the 
act of leaping to the ball A.” 

T/ie Hpifiil and Illuminated Words. 

Fig. H, represent.s an iiislruinent composed of a glass tube, 
with a knobbed brass cap at each extremity. Upon the outside 
of this tube are stuck small round pieces of tin-foil at the dis¬ 
tance of about one-tliirtieth of an inch from each other. If 
this iiislruinent be held by one extremity, while the other is 
presented to the prime coiidactor, every spark it receives will 
cause sparks to be perceived between each piece of tin-foil, 
and thus afford the appearance of a spiral line of light upon 
the tube. 

This experiment may be diversified by using k plain piece 
of glass, cn which, by tho manner in which the spaces between 
the piece.s of tin-foil are left, may be delineated flowers, words, 
&.C. us exemplified by the word " Panorama” on the pl.iin piece 
of glass, Al), fig. 9; the knob C is presented to the prime con¬ 
ductor. and the spark makes its exit at B, where it communi¬ 
cates with the earth. 


The Leyden Vacuum. 

Coat a phial ten inches high, about three inches up the sides, 
with tin-foil; cement on its aperture a brass cap, containing a 
valve opening outwards, and from the cap let a wire with a 
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blunt point reneh a feur inches within the phial. £x;haust the 
phial of air, and then screw upon the brass cap a brass knob. 
This phial exhibits the direction of the electnc fluid both in 
charging and discharging. If it be held by its bottom, and its 
brass knob be preseuted to the prime conductor positively 
electrified, it will be seen that the electric fluid causes the 
pencil of rays to proceed from the wire within the phial: and 
•f it be discharged, a star will appear in the place of the pen¬ 
cil. But if the phial be held by the brass cap, and its lowrr 
coated extremity is preseuted to the prime conductor, tin n 
the point of the wire wiil appear illuminated with a star when 
charging, and with a pencil when discharging. If it be pre¬ 
sented to a prime conductor electrified negatively, all these 
appearances, in charging and discharging, will be reversed. 

The phial used in this experiment should be round at the 
bottom like a Florence flask, in order that, when it is exhausted 
of air, the pressure of the external atmosphere may be in no 
danger of breaking it. 

The exhaustion of the phials and lubes used in electrical 
expersmeuts, may, by those who have not the convenience ol 
an air-pump, be accomplished with suflicn-iit accuiacy by 
means of a syringe. To use th.is instrument lor exhausting, 
the piston should cunlain a valve openmg outwards, and the 
pliial. Sec. another valve opening in the same direction, and 
the working of the piston will then exhaust the phial, over the 
valve of which it is screwed. 

Tu }.krCt a Cord, . Ehrtru'Utf 

Tsfke a card, a quire of paper, or any similar luatf r.ul, and 
place it against the outside coating of a charged jat : keep the 
card in its situation by pressing against it one knob of tho 
discharging rod, and with the other knob of the rod touch 
that of the jar. The discharge which will iinmediately follow, 
to restore the equilibrium of the iw'o sides of the jar, will be 
fuund to have made one or more bcde.s entirely through the 
card i and each hole will have a bur or raisid edge on both 
sides, unless pressed rather hard against the sides of lh% jar. 
Tins double bur shews that the card is not perforated in tho 
direrliuu of Uie passage of the fluid, but b) the expansion of 
its fcubstuiici ill every direction. 

If, instead of pap< r, a very thin plate of gdasi., scalin^wax, 
rosin, or the like, be interposed between the knob of the dis¬ 
charging rod and tlie outside coating of the jui, the dischargo 
will orcak these substances to piece*. 

A small insect iiii.cr[ioi,ed ia the manner of the card, though 
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not pressed, will be instantly killed by the discharge : and a 
discharge of six square feet will deprive a man of seneotion 
for a time, if the head be made part of the circuit. 

Efect of the Shock sent over the Surface of a Card ot Glass. 

Put the extremities of two wires upon the surface of a card, 
so that they may be opposite each other, nt the distance of 
about ao inch, then, by connecting one of the wires with the 
outside af a charged jir, and the other wire with the knob of 
the jar, the shock will be made to pass over the card; upon 
which, if very dry, a lucid tiack will be observed for some 
time after the explosion. If a piece of common writing-paper 
be used instead of the card, it will be torn to pieces by the 
discharge. 

The card is an imperfect conductor, and the body over 
which live dii,charge «« sent, should of course always be an 
imj^ciIVcl cijiidiu'tcT, or a proper electric. If, instead of a 
card, (lie discharge be sent over the surface of a piece of 
glas.s, this substance will b<; marked by an indelible tiack, 
which generally narhes from the extremity of one of the 
wires to the extremity of the other. Ry this process, the 
glass is very seldom broken by the explosion; but Henley 
liiscoiered a mctiiod of increasing the eH'ect of the explosion 
upon the glass, which consists in pressing with weights that 
part of tlic glass which lies between the two w.res, and whith 
will he th»^ path C)f the shuck. He puts first a thick piece of 
ivory upon tlie glass, and places upon that ivory a weight at 
pleasure, from one quarter of an ounce to six pounds. The 
glass, under this management, is generally sluveretl into small 

I MCces, and some of it is reduced into an impalpable powder, 
f it be so thick as to resist the force of the explosion, it is 
indelibly marked with the most lively prismatic colours. The 
weight laid upon the glass is aKvay.s shaken b^ the explosion, 
and Bometinift^ thrown quite od the Ivory. 

The universal discharger, fig. 0, pi. I, aft'ords the most con¬ 
venient method of performing this experiment. 

To strike Metals into Glass, stain Paper, Sc. 

Take two slipa«of common window-glass, about three inches 
long, and half an inch wide; put a small slip of gold, silver, or 
brass leaf between them, and tie them together, or press them 
between the boards of the press, fig. 10, pi. 1, belonging to 
the universal discharger, leaving out n little of the metallic leaf 
between the glasses at each cud; then send a shock through 
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Ihil metftliic Utf, and the furca of the exploaion will drivt part 
of the metal into to dote a cootact with the glass, that it can* 
not be wiped off, or even affected by the monstrua which other* 
wise would dissolve it In this experiment the {^lasses are ofteit 
shattered to pieces, but whether they are broken or not, the 
tinge from the metal will be found in several places, and some¬ 
times through the whole length of both glasses. 

if a chain which forms part of a circuit between the twu 
•ides of a charged jar, rest upon while paper, after the dia- 
charge hat been made, the paper will be found stained with a 
blackish tinge at the juncture of the links. If the chnrgc be 
considerable, the paper will be burnt through. If the chain 
repose upon glass, luslead of paper, the glass %viU bo stained, 
though only slightly. 

The electric fluid, while possing through a perfect conductor, 
is invisible, but as the links ol a chain are never in perfect 
contact, unless stretched to an extraordinary degree, in pass¬ 
ing through a chain the light appears at every link, and if the 
links be very small, the shock sent through the chaiu will ap¬ 
pear in the dark bke a ccntmucus line of tiic. 

l/ijiuetici cf Vomts on the Eiect’^ic Fluid. 

The influence of points, in drawing ofl' the electric fluid, has 
frequently been alluded to in the course of the preceding pages, 
but to render the fact more conspicuous, vve shati notice it 
among these ex}ienTneuU. 

Place one hand upon the outside coating of a charged jar 
capable of giving a violent shock, and with the oilier hand 
hold a sharp-pointed needle, and keeping the point directed 
Upwards the knob of the jar, advance it gradually, until the 
point of the needle touches t.‘»e knob. This operation dis¬ 
charges the jar; the pointed conductor eroploved lias therefore 
had the efl'ect of silently and gradually drawing oil' the re¬ 
dundant fluid it contained. 

The more acute the point of the conductor made use of, the 
more powerful its effect. A prime conductor in which a needle 
is fastened, or held at a little distance from it, will afford hut 
a feeble spark; for the electricity commutiicated to it passes 
rapidly on into the air. 

The extremity of a point receiving the etgpiric fluid, always 
asaumes the appearance of a small ^obe or starj when impart- 
electricity, the appearance from it is that of a stream or 

pencil. . 

Jkreend amiMing experiments have been contrived, which 
depend upon effects of points on the electric fluid. 
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1. Thus if a thin piece of metal, for example a piece of tin- 
plate, be cut in the form of a star, as thewn at fig. 10, pi. If, 
and be supported on its centre, by a wire from the prime con¬ 
ductor, as soon as the conductor is electrified, a brilliant speck 
of ii^ht will be seen at the extremity of every point, and if the 
star be turned swiftly on its centre, the appearance will be that 
of an entire circle of fire. As this experiment, for the light to 
be sect! to advantage, should be perfomied in a darkened room, 
the operator may occasion some surprise among those unac¬ 
quainted with the subject, by appearing to command the ap¬ 
pearance or disappearance of the light; for on touching the 
pnme conductor with the hand, the light will disappear. 

1?. The experiment called the electricJiic%, shews the effect of 
|)oint.s in an amusing manner. Pig. 11, shews a combination 
of two of these flies, which consist of brass wires fastened, in 
the same plane, in a small brass centre-piece or cap; these 
wires are finely pointed, and bent at right angles near their ex¬ 
tremities ; and those of each fly are bent in the same direction, 
though the two flies with respect to each other have their 
points in a contrary direction. Each fly, a is exactly ba¬ 
lanced, .'iiid will tuiD on its centre by the slightest impulse. 
The supporting wire c is fixed in the prime conductor, and as 
soon a^ it is electrified, llio flies begin to turn with great ra¬ 
pidity, each in a contra;^ direction to that of its points, and in 
the dark the course of each fly will be marked by a line of 
fire. With a sufiicienlly powerful machine, the number of 
flies riKiy be considerable, and by varying their sizes, distances, 
and position, an interesting spectacle will be produced. 

The flics, in Ihii experiment, turn the same way, whether 
positively or negatively electrified. This must be evident, 
when the cause of their motion is considered. ' When they are 
positively electrified, the electric fluid issuing from the points 
strikes the air, and causes their motion in a contrary direction 
to the points; and when they are electrified negatively, the 
stream of clectriciiy which they solicit, impels them in the 
same direction. Under an exhausted receiver, no motion is 
produced, because the medium which still remains is not dense 
enough for the electric fluid to act upon with so much force as 
to overcome the friction of the flies npon their centres. Also, 
undp an insulated receiver, containing only common air, the 
motion soon ceases, because the air ano the glass soon become 
so much electrified^ that the electric fluid ceasee to escape from 
the points. 

3. A great diversity of other experiments have been con¬ 
trived to shew the power of points, one of them is the electrical 
arrettf, represented at fig. 12. The sun and earth go round 
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their coiuuton centre of in a solar year, and the earth 

and moon go round their common centie of gravity in a lunar 
mouth. These motions are re {'resented by an electrical experi¬ 
ment ns fuilou s: the ball S represents tin; sun, E the earth, and 
M the muon, couiiecled by wires a c, and I* tl; a u ilu; oMitrc 
of gravity between the sun and earth, and If is tin- c* utn- of 
gravity between the earth and moon. Tltt-st? thr. e b.dU and 
their connecting wires are hiaig and supported on the >lKiip 
point of a wilt* A, which i;-> lAt upiiglit m tin- prime coinluelor 
» of the electrical luaclnne; the earth and niuuii hanging upon 
the sharp point of the wire in which wire ns a pointed sh irt 
pin, sticking out huritonlany at r: ami there is just .siicli an¬ 
other pm at d, slicking out m the same maiiuer, in the w iie 
that connects the earth and lujon. 

When the working of the t h ctncal nucliine is commenced, 
and consequently these balls and wires are t l. einfnd. i(ii llunl 
that flies ofl’hun/euitally fruiii the point < and d, canoes S and 
E to move round tln-ir eoir.inoa ct ntn- ..d o, and }'. and 

M to move round their conmi,^n centre id gravity /»; ainl 11 
and M are light when coinparetl wiih S and iln re is inucJi 
less friction on the pointthan m.on liie pou tw; so that 
E and M will make a much greater number of revolutions 
about the point t, than S and E make about the point «. i he 
weights of the balls may be adjusted so that K and M may go 
twelve times round b, in the time that S and E go once 
round a. 

4. The eltftrical mill is rc-}»ros» nt. d at tig. 13. A is the 
water-wheel, B the cog-wheel on it? ,ixis.(.’ the trundle turned 
by that wheel, and D the running inill-.4onc on tlie top of tin- 
axis of the trundle. Ii may taMly be t..rn<d by iltcincily, if 
instead of the round plate l> for the mnl-stoue, tiu i» be a hori¬ 
zontal wheel on the axis of the trundle C, with spur-< ogs, whicli 
will turn two trundles placed on lU opposite side** ; and (ii the 
top of each axis of these trundles, imfy be a round plate, re¬ 
presenting a mill-stone •, so that this model ha.s all the working 
parts of a double water-mill, turning two inill-Htoues. 

Set the milt near the prime conductor, and place the crooked 
wire, so that its point may be directed towards the uppennost 
side of the great wheid A ; then work the electrical machine, 

^ and the stream of fire that issues from the point of the wirt- 
witi turn the wheel; and cousequently all the other working 
]^rU of the uiiil. 
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The Thunder House. 

The usefulness of metallic conductors applied to houiis, and 
the bad ed'ects which may result from the lightning striking 
upon a house not properly secured, may be shewn in a very 
convincing manner by the instrument represented at fig.1, pi. HI. 
A is a board about three-quarters of an inrh thick, and shaped 
like the gable end of a house. This board is fixed perpendi¬ 
cularly upon the bottom board IJ, upon which the perpendicular 
glass pillar (T) is also fitted in a hole about eight inches dis¬ 
tant from the base of the board A. A square hole ILMK, about 
u quarter of an inch deep, and nearly one inch wide, is made 
in the board A, and is fillerl willi a square |>iece of wood nearly 
of the same dnnensions. It is nieiUioned nearly of the same 
ilinien.sions, because it must go .so easily into the hole, that it 
iiKiy tlroji off by the least shaking of the instrument. A wire 
LK :.s f.i.%tened diagonally to this square piece of wood. An- 
iithcr wire IH, <d tlie same thickne.s.s, haiing a brass ball, H, 
.screwed on its pointed extrunilv. i.' fastened upon the board 
A ; so also is the 'viie MN, which is shaped into a liook at O. 
from th<‘ upper extreniitv of the glass pillar CU, a crooked 
uiie proceed;;, having a spring socket F, through which a dou¬ 
ble knobbtd VI ire slijis perpendicularly, the lower knob Ci of 
whu h faU.s just above the knob H. The glass pillar DC must 
Hot be made very fast to the bottom board 11, but it must be 
fittful so that It may be easily moved round its own axis, by 
ulin h means the brass ball G, may ho placed nearer to or far- 
t!o r frttin the ball H, without touching the part EFG. Now 
wluii the squire piece of wood ILMK (which may represent 
t!’e shutter of a windtiw oi the like) i.s so fixed into the hole 
that the wire LK .staiwls in the doited representation IM, then 
the metallic communication from U to O is complete, and the 
instrument represents a house furnished with a proper metal¬ 
lic conductor; but if the square piece of wood IlMK, is fixed 
: i that the wire LK stands in thedirec^Ton LK, as represented 
III th< figure, then tin* metallic conductor, HO, from the top 
of the hou.se to its bottom, i» iulerru|)tcd at IM, in which case 
the house is not projierly .secured. 

Fix the piece of wood ILMK, so that its wire may be as 
represented in the figure, in which case the metallic conductor 
IlO is discontinued. Let the ball G be fixed at a perpendicular 
di.stance of about half an inch from the ball II; then, by turn¬ 
ing the glass pillar DC, remove the former ball from the latter; 
by a wire or chain, connect the wire EF with the wire Q of the 
jar P, and let another wire or chain, fastened to the hook O, 
36.~Vol. II. 2 0 
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touch the outftide coating of the jar. Connect the wire Q with 
the prime conductor, and charge the ‘“Ti then, by turning the 
glass pillar DC. let the ball G come guidually near the hall II; 
and wlen they are arrived sudicieiUly near one another, the Jar 
will e.xplode, and the niece of wood ILMK will be pushed out 
of the hole to a considerable distance from the thunderdiouse. 
Now the ball G, in this experiment, represents an electrized 
cloud, the electricity of which strikes the house A, when it is 
arrived sudiciently near the tup of it; and as this house is not 
secured with a proper conductor, the explosion breaks olfa part, 
that 18 , knocks ofi the piece of <^ooll iLMK. 

Repeat the experiment wuh only this variation, viz. that tlie 
piece of wood ILalK be situated so, that the wire I.K may stand 
in the situation IM, by which means the conductor HUceaHcs 
to be discontinued. InthiscaKt the explosionwiU have noelh ct 
on the piece of wood, which will remain in its place unmoved; 
a proof of the usefulness of the metaUic cmuluctor. 

I'nscrew the brass ball H from the wire HI, which will then 
exhibit only a point. With this diBerence iu the apparutun, 
repeat both the above experiments ; and it will be found that 
the piece of wood ILMK is in milher case moved from its 
place, nor will anv explosion occur. Thus we not oi:ly de¬ 
monstrate the jTelcrence of pointed coiuliictoss over biunled 
ones for the preservation of hour.es, but oUo shew tuat a 
house furnished with sharp terminations, nltliough not fur 
nished witli a regular conductor, is almost ^udicuntly guarded 
against the c tfects of lightning. 

This apparatiu> is sometimes made in the shape of a house, as 
represented in fig. 2, where, to shew tin* intericr, the side and 
part of the roof next the eye are not n prt sente 1. The gable end 
AC represents that of the thunder-house, and may be used iu 
the same manner as the above-described, or more readily by the 
following method: Let one ball of the discharging rod touch 
the ball of the charged jar, and the othei- the knob A of the 
condnclor AC of the tjiundcr-housc ; the jar will then of course 
explode, and the fluid will act upon the conductor just men¬ 
tioned. The conducting wire at the windows h h, must be placed 
in a line. The sides and gable AC, of the house, are connected 
with the bottom by hinges : and the building is kept together 
by a ridge on the roof. This model may also bo used by filling 
the brass tube a with gunpowder, and ramming the wire c u 
little way into it at the side ; then connecting tbe wire c with 
the bottom of a large jar or battery. When the jar is charged, 
fr^nn a communication from the wire c, to tbo top of the jar, by 
the discharging rod ; the discharge will fire tbe powder, and the 
exploaion of the latter will throw off the roof, with the aides. 
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back, and front, so that they will all fall together. The figures 
_/’and g, at the side of the nouse represent a small ramrod for 
the tube a, and a pricker for the touch-hole at c. 

Fig. 3 represent* a mahogany pyramid, by me ans of which 
the same experiment may be performed. The piece at n being 
thrown out by U»e discharge, the upper part fails down in three 
pieces. 


To illuminate Eggi, Jvort/, lioiwood, S.c 

Fig. 4 represents a small mahogany stand, so constructed as 
to hold three eggs at a greater or smaller distance, according 
to the position o( the sliding piece.s. A chain C is placed at 
the bottom in such a manner as to touch the lower part of the 
egg at B with one end, and with its other end tlie outside coat¬ 
ing of a charged jar. The sliiUug wire A, at the lop, is made 
to touch the upper egg; and the distance of the eggs asunder 
should not exceed the quarter or tighlh part of an inch. The 
electricity bt ing, by means of the discharging rod, sent down 
tin- ball and wire at A, will in a daikened loom render the 
tg'gs beavitif’ullv luminous and transparent. 

'fo rdunimale ivory, place a ball ot tins nialcrial on the prune 
condiK t(/r oi the niaehine, and l.;ke u stiong sjiaik, ui the 

charge *d'a jar lliroiigli Us centre, and it will be rendered |.<r- 
fectls luminous; butil the cliarg* be not taken through the ceu- 
trt, It will pass over the sin face of the ball and stain it. A spark 
taken through box-wood, not only illuminates the whole, but 
wakes it appear of a beautiful crimson or .scarlet colour. 

(inld leaf and Dutch metal may be rendered luminous by dis¬ 
charging the contents of a small Leyden jar over them. A strip 
of gold leaf, one-eighth ofau inch m breadth and a yard lotig, 
will frequently be iHuniiuated throughout Us whole extent, by 
the explosion of a jar containing two gallons. This experiment 
may be pleasingly diversified, by laying the metallic leaf on a 
piece of glass, and then placing the glass in water; for tlie 
whole of llic gold leaf will appear most brilliantly luminous in 
the water, by exposing it, thus circuinstanceil, to the explosion 
of a battery. 

To illurniunte Water. 

Connect one end of n chain with the outside of a charged 
iar, and let the other end lie upon the table. Place the end ot 
another piece of chain at the distance of about one quarter ot 
an inch from the former; then set a decanter of water upon 
these separated ends, and on making the discharge, the water 
will be illumiojitcd. 
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The eiecfrijitd cajtillary Siphon. 

Let a small bucket of metal filled with water be satpewded 
from the prime conductor, and put into it a glass tiphon so 
narrow in the extremity that the water may but just drop from it. 
If in tliis diKposition of the apparatus, the winch of the machine 
be turned, the water, which, when not electrified, ran out only 
by drops, will now run in a full stream, or even be subdivulec 
into smaller streams; and if the experiment be made in the 
dark, the appearance will be exceedingly beautiful. The same 
appearance w ill be exhibited by a smaller bucket with a jet, as 
shewn at fig. 5, pi. Ill, or the experiment may lie agreeably 
varied by hanging one bucket from a positive conductor, and 
another from a negative one, so that the ends of the tubes or 
jtts may be about three or four inches from each other. The 
stream issuing from the one will be attracted by that issuing 
from the other, and both w ill unite into one ; but though both 
ure lumrious in the dark previous to their conjunction, the 
united streams will not be luminous unless tiie electriciiy of 
the one is stronger than that of tho other. 


To Jin G mpoirder. 

Tak e a small cartridge of paper, or the tube of a quill, and 
fill either of ibem with gunpowder; in each end of the cartridge 
or quill insert a wire, and let the extremities of the wire be 
about the fifth of an inch from each other. Then send the charge 
of a jar ihrounh the wiie, and the gunpowder will take fire, 
if the gunpowder he mixed with steel filings, it maybe fired 
by a Ie.ss shock than would otherwise be required. 

If gunpowder be placed loosely upon a staud. and the intcr- 
niption of the w ire circuit he in other respects the same, on 
ilischarging the jar, the sfiark will merely scatter without firing 
it; but even in its loose stale, the gunpowder will*be fired, if 
the discharge be made through imperfect conductors. For 
this reason, water is commonly made part of the circuit, and 
the electric fluid then strikes the gunpowder with more force. 
Tlie experiment lhay be conducted thus: a glass tube, (sup¬ 
pose eight or ten inches long) filled with water, must be corked 
at each extremity ; through one cork, so as to reach a very 
little way within the water, is inserted the wire communicating 
with the inside of the jar, through the other cork is inserted 
another wire. aUo just reaching into the water, and project¬ 
ing a little externally above the cork. The Jar being placed 
upon a table on which some gunpowder is laid, and tno giiMa 
lube held vertically at a littfe distance from the jar, witli its 
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lower wire among the gunpowder, on making the discharge, 
the electric fluid has to puss to the outside of the jar through 
the water and along the table, and the water and table being 
both imperfect conductors, the gunpowder lying between them 
is fired by the force of the stream. 

To melt M ires 

To melt wire by means of electricity, the wire should be 
attached by one end to the hook communicating W'ith the in¬ 
side coating of a battery, and the other end fastened to one 
limb of the discharging rod; then when the battery is charged, 
the circuit may be completed with safety and convenience. 
Thirty square feet of coated surface will fuce the greater part 
of two feet of wire one-fifth of an inch in diameter. If the 
power of the battery be very considerable, the melted metal 
will be dispersed and totally lost. 

If a wire be kept stretched, while it receives a shock 
just sufficient to mase it red-hot, it will be lengthened by the 
operation ; but w hen the wire is not stretched, and the power 
of the batterv is insufficient for its fusion, it is often shortened 
by the explosion. Van Marum shortened a wire, eighteen 
inches long, and one fifty-third of an inch in diameter, a quar¬ 
ter of an inch at a single discharge. 

The facility with which metals are fused by electricity is 
not the same as that of their fusibility by fire. Van Marum 
caused wires of different metals to be draw n through the same 
hole, of one thirty-eighth of an inch in diameter, and observed 
how many inches of each could be melted by the e,vplosion of 
his battery, w hich contained ?.25 feet of coated surface ; taking 
care, in all these experiments, to charge it to the same de¬ 
gree, as ascertained by his electrometer. The results were as 
follow : 
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The artificial Earthquake, 

Van Marum, with the battery above mentioned, in order to 
imitate the phenomena ofearthq^uakes, followed Dr. Priestley’s 
method of making the electrical explosion pass over a board, 
floating on water, on which several columns of wood were 
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erecled; bat this succeeded ouiy coce. RedeotiAg that the 
elecuic e^loidoD exerts the greetesi letersl force it t^»iisses 

through io-peifeet conductors, end that wi^r is probsUy its 
principal sucterrsneau conductor, he laid two smooth boards 
upon each other, moistening with water the sides which wrere 
in contact; upon the uppcimost he placed pieces of wood, in 
iinitationofbuildings.thcbases ofwhich were three inches long, 
and I i broad. When the charge of the battery wa* transmitted 
between the boards.all these were thrown down by the tremulous 
and undulate; f motion of the board on which they stood. 

To prove that Glms and other Khctrics hecomc Ctmdncton 

K ken very hot. 

In order to ascertain the conducting quality of hot resinous 
substances, oils. See. bend a glass tube in the form of an arch, 
CD, fig. fi. pi. in, and tie a sdk string C(iD to it, which will 
serve to bold it by w hen it is set near the fire ; fill the middle 
part of this lube w ith rosin, sealing-wax, &c. then introduce 
two wires, a a. through its ends, so that they may touch the 
rosin, or penetrate a little way into it. Now let o person hold 
the tube over a clear fire, which will in a short tune melt the 
rosm it contains ; but before the melltng takes p’ace. connect 
one of the wires o ti with the outside of a charged jjar, and 
touch the other w ith the knob of the jar, with a view to make 
the discharge through the rosin, and it will be found, that 
while the rosin Is cold, no shocks can be traiismilled througb 
it: but it berottiCB a conductor as it melts, and when wholly 
melted, the shocks will pass through it very Ireely. 

To ihfW that tki' ll/ectric Tlmd prtfen a short passage through 
the Air, to a long om through good Couductois. 

Bend a wire about ten feet long, at the ends of which fix a 
piece of glass G, fig. 7, to keep the knobs AB at a proper dis¬ 
tance, so that they may slide within half an inch of one another, 
if required ; thao connect one of the chains belonging to tlu: 
sliding wires wWri the hook of the battery, and the other with 
the discharging rod, and send the charge of a battery through 
the bent wire. f)n making the explosion, a spark will be seen 
between A and B, which shews that the eicctnc fluid chuses a 
short passage through the air rather than a long one threugh 
the wire. The charge, however, does not pi*« entirely through 
A and B, but part of it also goeu through the wire, vraich may 
be proued by putting a uleader wire between A and B} for on 
n^ingibe discharge, with only tbisdiflewfice in the apparatus. 
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the sniall wire will scarcely be made red-hot, whereas if the 
la^e wire ADB be cut tn D. so as to discontinue the circuit 
ADB, the small wire will be melted, and CTen exploded by the 
same shock that before made it scarcely red-hot. 

In this mariner the conducting power of difTcreot metals may 
be tried, using metallic circuits of the same length and thick¬ 
ness, and observing the length of the passage through the air 
with each. 

To prove that the Electric Fluid displaces and rare^en the Air. 

The electric thermometer enables us to observe the effects of 
the electric explosion upon air. The body of this thermometer 
coiibists of a glass lube A, fig. 8, adont ten inchea long, and 
nearly two inches in diameter, and closed air-tight at both 
ends by two brass caps. Through a tube H of very small bore, 
is rntruduced some water, to the bottom of the large tube. 
Through the middle of each of the brass caps, a wire is intro¬ 
duced, having a brass knob within the glass tube, and by slid¬ 
ing through the caps they may be set at any distance from 
each other. This instrument i*^, by a brass ring C, fastened 
to the glass pillar, F, of a wooden stand. 

When the nir within the tube A i« rarefied, it will press 
upon tin. water at the bottom of the tube, which will conse¬ 
quently rise in the cavity of the small tube ; and as this water 
uses higher or lower, so it shews the greater or less rarefaction 
of the air within the tube A, which has no communication 
with the external air. 

If the water, when this instrument is to be used, is all at 
the bottom of the large tube, that is, if none of it be in the 
cavity of the small tube, it will be proper to add an additional 
quantity of that fluid, and thus cause it to rise a little in the 
small tube, on which, to ascertain the change produced in the 
experiment, a mark may be fixed. 

Bring the knobs of the wires IK into contact with one 
another, then connect the ring of I or K with one side of the 
charged jar, and the other ring with the other side, by which 
operation a shock will be made to pass throiteh the wires IK, 
that is, between the knobs of those wires. In this case, the 
water in the small tube will not be moved from the mark ; 
which shews that the passage of the flactric fluid, through 
conductors snflBciently large, occasions no rarefaction, nor 
di^laces the air about them. 

Put the knobs a little distant from each other, and send a 
shock through them as before, and the spark ^tween the two 
anobs will not only displace the air, but rarefy it considerably; 
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for U»e water will be tuddealy puahetl up in tbe amali tube* and 
immediately ii wilt aubaida a little* for inatance* as far as H; 
which is occasioned by the sudden displacing of the air 
about the place where the spark appeared within the tube 
A. Alter the water has subsided suddenly from the 0rst 
rising, it will gfradually and slowly come down to the mark at 
which it stood before the explosion ; which is the effect of the 
air that was rarehed* and which gradually returns to its former 
temperature. 

If this experiment be made in a room where the degree of 
heat is variable* then proper allowance must be made for this 
circumstance* in estimating the event of the experiment: for 
the electrical air thermometer is of course offecled by heal or 
cold in general* as well as by the electric spark. 

Magnetism produced Electricity. 

Dr. Van Marum, by the grand electrical battery before mcn^ 
tioned* tried to communicate magnetism to needles made out ot 
watch-springs of three and even six inches in length; as w ell as 
to steel bars nine inches long, from a quarter to half ah inch in 
breadth, and about a twelfth part of an inch in thickness. The 
result was,that when Uie barer needle was placed horizontally 
in the magnetic meridian* which ever way the shock entered, 
the end ol the bar that stood towards the north acquired the 
north polarity* and the opposite end acquired the south. 

If the bar, before it received the shock* had some polarity, 
and was placed with its poles contrary to the usual direction, 
then its natural polarity was alw^s diminished, and often re¬ 
versed i so that the extremity of it, which in receiving the 
shock was directed towards tne north, became the north pole, 
&c. When the bar or needle was struck while sUnding per¬ 
pendicularly, its lowest end always became the north pole, even 
when it had some magnetism before, and was placed with the 
south pole downwards. All other circumstances being alike, 
the bars seemed to acquire an equal degree of magnetic power, 
whether they were strpek while disposed horizontally in the 
magnetic meridkn* or perpendicular to the horizon, when a 
bar or needle was placed in the magne^c equator* the entrance 
of the shock at either end never gave it any magnetism ; but 
if the shock was given through its width, then the needle 
acquired a considerable degree of magnetism, and the end 
which lay towards the west uecame the north pole* and die 
otIbBf end the south pole. 

' tt A needle of bar* already magnetic, or a real maenet. was 
ilzindt in any direction, its powet wai always diminiahed. For 
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this experiment considerable bars were tried; one beings'7.0S 
inches lon^, 0.26 broad, and 0.05 thick. When tbk thdi»Wns 
so strong, in proportion to tibe size of the needle, as to retidt^f 
it hot, then the needle generally acquired either no magnetietd 
It ail, or very little. 

The EUctrophorui. 

If an insulsled bra.-is pl&te be brought into contact with an 
insulated cake of reHtn, which has been excited \>f nibbing it 
with a silk handkerchief, it will afford strong signs of eleciri> 
city, and even give a spark. The instrument constructed to 
shew this, is called an efeetrophorus. It was invented by Pro¬ 
fessor Volta, an Italian. The plates of which it consists may 
be in any form, but they are gent rally made circular, as AB. 
fig. 0, pi. III. They are used of all sizes, from six to eighteen 
or twenty inches; but if the larger of them be twelve inches, 
it vmH unite convenience and power in a higher degree than 
any size iHiitefially greater or less. The lower plate B consists 
of the electric, which is generally s<»me resinous composition 
that will lu-ar rubbing without producing any disagreeable ad- 
hettion. The uppeT pljte A ncaily the same size as the lower 
B, and is iniuie of suine conducting substance, generally of 
brass, but wood covered with tin-foil will answer, and may, 
from Its lightness, be more suitable when the inKtrument is in¬ 
tended to be so large that metal would be too heavy for one 
hand to lift. In the centre, from the Upper side of this plate, 
rises a glass handle, by which, it is obvious, the plate may be 
lifted up, and still remain insulated. 

This lu.nchine is used in the following manner: the plates 
being separated, the upper surface of the electric B, which 
may be placed either upon an insulating stand as in the hgure. 
or on a table, is rubbed with a piece of clean new flannel or 
silk, which will produce negative electricity on the electric, 
and when it is excited as much as possible, the metallic or con- 
duotinp; plate A is placed upon *t. On touching the metallic 
plate, in this situation, with a fin'ger or any other conductor, a 
spark is obtained. On taking up the metallic plate by its glass 
handle, and trying it separately, it w'ill be found possessed of 
an electricity contrary to that of the electric, viz. positive, and 
will givea strong sparic to any conductor brought near it. When 
the dectricity of we metallic plate is drawn off, it may be re¬ 
newed by again placing it in contact with the cake of resin, 
without the roiexcitation of the latter. The second spark af¬ 
forded by the metallic plate will be apparentjp as strong as the 
first; and the same remark applies to a great number of suc- 
37.—VoL. II. 2 II 
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ceMive Irtals. If at eaisb tepaialioti of the piate«. the knob of 
a ciMited jer be held to the metalHc one* the jar will toon 
become w fully charged, me »f it bed been epidied to e fwime 
conductor* 

Ibe following competition hoi l>een recommended for the 
lower plate of the electrophorut: four pertt rotin. three parte 
pitch* three perte ehell-lec, end two perU Venice turpentine, 
melted together orer e gentle fire. Thie mixture may be 
poured out end epreed upon e thin lin«a*clolh, till it lies 
ehoel e qoajrter of an inen thick. The linen cloth most be 
•tretdied npon e hoop, and made as tight as possible. If tlie 
anrface be eomewhat rough, it will be rather more than leas 
effectual. SbelMac* eery slowly dissolved with a little Venice 
turpentine, will form a good plate for the purpose without any 
further additioii. It must be observed, however, that, after 
many triela, Cavello found that plates the strongest in power, 
as well ea the easieat to conetruct, were rnatle w»lb the second 
sort of aeeling-wax, spread upon a thick plate of glass. This 
kind of aealing'Waa is composed of sht U-lae and rc-smi cc- 
loured by vermilion or red lc.'td;—<Sce the recipe, among the 
Miscellanies at the end of this vol.) A plale which Cavallo 
made ol this substance, though nu more than six niches in dia¬ 
meter, when once excited, would charge a coaled jar several 
times euccessively, so strongly as to pierce a hole through a 
card with the discharge. Sometimes the metal plate, when 
separated from it, darted strong flashes to the table upon which 
the electric plate was laid, and even into the air, besides caus¬ 
ing the sensation of the spider’s web upon the face brought 
near it, like an electric stroogU excited. Cavailo also observes* 
that the power of some of these plates is so strong, that the 
electric plate adheres to the metal* when the latter is lifted up, 
nor will they teparale even if the metal plate is touched with 
the finger or other conductor. Sometimes the electric will not 
act weU at firat, hot is rendered very good by scrapuig with the 
edge of e knife the shining or glossy surface of the wax. 

The durability of the electricity communicated to tlie elec- 
tropborui it very remarkable; it will sometimes continue as 
long os three weeks* without being rubbed sgain* but it must 
be admitted* that the act of piecing the metallic plate upon 
it, end luddenly plucking it off, operatee in tome mtesure 
like Action t« trie revival of its electricity. 
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Op the wide Dipfusion op Elbcteicity* 

The eiectrofneter and other inetnimenta ivhiob have been 
adopted to indicate small quantitiea of electricity, enable ns to 
discover that electricity may be obtained in a great number of 
ways as well as by friction, insomuch that we have reason to 
consider this power as a universal agent of nature. 1. It is 
produced by the heating or cooling of a variety of substances; 
2. by the evaporation and condensation of vapour; 3. by the 
natural changes in the atmosphere; 4. by the will of certain 
unimals; and 5. by the action of certain bodies on each other 
when in contact. 

The investigation of the effects and nature of the electricity 
produced by the action of conducting bodies when in contact 
upon each other, has furnished philosophy with such a vast va¬ 
riety of interesting facts and speculations, that this branch of 
electricity has been erected into a new science, under the appel¬ 
lation of ga/e<iwi>w; and we shall accordingly treat of it sepa¬ 
rately. It IS only then the other four sources of electricity 
which we shall Df>w advert to in their order, commencing with 

The Eicctrkilj/ evolved in the heating and cooling of various 

Suhtances. 

This electricity has been sometimes called spontaneous elec¬ 
tricity. It was discovered by Wdeke in the instance of sulphur. 
If sulphur be melted in an earthen vessel, and then left to cool 
in the same vessel upon conductors, it will, upon being taken 
imt of the vessel after it is cold, be found strongly electrical; 
but if left to rool upon electrics, no such effect ensues. 

If sulphur be melted in a glass vessel, and left to cool, both 
the glass and the sulphur acquire a strong electricity, whether 
placed upon electrics or not; but the electricity is stronger 
when they are cooled upon electrics than when cooled upon 
conductors: and if the glass vessel be coated with metal, the 
electricity acquired is strongest of all. In these cases, the 
glass is always positive, and the sulphur negative. 

Melted sealing-wax poured into glass acquires a negative 
electricity; but if poured into aulphur, its electricity is posi¬ 
tive, and that of the sulphur negative. Sealing-wax poured 
into wood is negative, and the wood positive; but sulphur 
poured into sulphur, or into rough glass, acquires no electricity 
whatever. 

If melted sulphur be poured into a metal cup, and there left 
to cool, the sulphur ana cup will shew no signs of electricity 
while together; but the moment they are separaled. thev appear 
to be strongly electrified. On replacing the sulphur, the elec 
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tricity disappears, but is again levived on taking it out. Tbe 
electricity of the cup is negative; that of the sulphur positive. 
If, when the cup and sulphur are septMrated, the electricilv of 
either aubatance be taken off, they will, when united, shew 
signs of that electricity which has not been taken off. 

Many other substances, m well as the above-mentioned, be¬ 
tray similar signs of electricity; thus chocolate, fresh from tbe 
mill, as it cools in tbe tin pans in which it is received, becomes 
stroi^ly electrical, and continues so for some time; and after 
having lost this property, it may be renewed by re-melting it, 
unless rendered very dry in this operation. 

Among those substances which evince their electrical pro¬ 
perties by change of temperature, the most remarkable is the 
tounmUn, which is a precious stone of tiie flint kind, found in 
Ceylon, tbe Brazils, and Siberia. It i» in some degree trans¬ 
parent, and of different colours—sometimes red, sometimes 
brown, purple, or green; iu size seldom exceeds that of a wal¬ 
nut. Cavalio has enumerated the ekctricai properties of the 
tourmalin, in the following manner: 

1. Tbe tourmalin, while kept in the same temperature, 
shews no signs of electricity ; but it will become electrical by 
increasing or diminishing its beat, and stronger in the latter 
circumstance than in the former. A very trifling alteration of 
temperature is often sufficient to produc'* the efiect. 

**2. Its electricity does not appear ail over its surface, but 
only on two opposite sides of it, which may be called its poles, 
and which always are in one right i:iie with the centre of the 
stone, and in the direction of its strata; in which direclton the 
stone is absolutely opake, though in the other it i& somi-traiih- 
parent. 

** 3. While the tourmalin is heating, one of iu sides (call it A) 
is electrified plus or positive, and the other, B, minus; but when 
cooling, A is minus, and B is plus. Hence, if one side of the 
stone is heating, whilst the other is cooling, then both sides will 
acquire live same electricity; or if one side only changes its 
temperature, then that aide only will appear electrified. 

"4. If this stone be heated, and suli'ered to cool, without 
either of its sides being touched, then A will appear positive, 
and B negative, all the time of its heating and cooling. 

**%, Tbm atone may be excited by means of friction, like any 
othex electric, and either of its sides, or both, may be rendered 
positive. 

If the tourmalin be heated or cooled upon some other 
insoJa^ body, that body will be found electrified as well as 
the atone; butdt will be found possessed eff tlie ekcU’icily 
contrary to that of the centiguous side of tbe stone. 



ELECTftlCITy. 


243 


af tamnUib 


** 7. The electricity of either etde, or of bodi, mey be reversed 
by heating or cooling the tourmalin in contact with various sub- 
stances, such as the palm of the hand, a piece of metal, &c. 

** 8. These properties of the tourmalin are also observable in 
vacuo, but not so strong as in the open air. 

** 9. If a tourmalin be cut into several parts, each piece will 
have its positive and negative poles, corresponding to the posi¬ 
tive and negative sidea of the original stone. 

“ 10. If uiia stone be covered all over with some electric 
substance, such as aealing-vrax, oil, &,c. it will in general shew 
the same properties as without it. 

**11. A vivid light appears upon the tourmalin, whilst heat¬ 
ing in the dark, and hy a little attention one may be easily 
enabled by this light to distinguish which side of the stone is 
positive, and which negative. Sometimes, when the stone is 
strongly excited, pretty strong flashes may be seen in the dark, 
to go from the positive to the negative side of it. 

“ i*2. It has been found, that with respect to the electric 
[iroperties, the tourmalin is sometimes injured by the action of 
u strong hre, at other times is improved, and sometimes is not 
M all altered bv it ” 

The mure transparent the tourmalin, the stronger are its 
electrical eflects. It may aUo be observed, that many other 
precious stones, particularly the transparent ones, exhibit 
electrical properties of a similar nature; but the tourmalin 
is selected for exempliflcation, because it is the most remark¬ 
able. 


Of the EUctricitif evoked in Ihaporation end the Con- 
densation of Vapour. 

Volta discovered that bodies from which water bad eva¬ 
porated shewed signs of negative electricity, by which it ap¬ 
peals that water, in the state of vapour, retains a larger por- 
tieti of the electric fluid than in the state of water. Excep¬ 
tions have, however, been discovered to this rule; 1. If water 
be evaporated by contact with a red-hot piece of rusty iron, it 
will leave the iron electrified positively; but the iron will be 
negatively: electrified if not rusty. 2. If water be evaporated 
by throwing into it impure red-hot glass, (such as the green 
gtass of cmnmon bottles,) the vessel or the remaining water 
will be electrified positively. 

To prove the enects of evaporation in exciting electricity, 
place a metallic cup, containing water, upon the cap of Cavallo’s 
electrometer, then upon dropping a red-hot coal into the water, 
the instantaneous evaporation that follows, will cause the balls 
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to diverge wiUi negfttive electricity. The cooverson of an^ 
other fluid into vapour produces the same effect at water. 

As the capacity of water for electiicitv is increased by its 
conversion into vapour, it will obviously be inferred, that the 
condensation of vapour will cause the electricity which then 
becomes superabundant to be given out to any conductor that 
happens to be sufficiently near. Accordingly it is found, that 
an insulated metallic plate held in a volume of steam, ia elec* 
tiifled positively by the condensation and couversion into wa 
ter of the vapour striking upon its surface. 

Atmo$pheric Electricity. 

Since Franklin and his contemporaries first drew lightning 
from the clouds, and exhibited with it the whole series of elec¬ 
trical phenomena, no experiment has ever been devised, which 
could throw a shadow of doubt on the identity cf lightning and 
electricity. Accordingly, lightning is only to be conridered 
as a name for a vast accumulation of electricity; or electricity 
as a name for small quantities of lightning. When we cou- 
Bider the pungency of a spark supplied by a few inches of 
glass, we cannot hesitate to allow that the effect of the spaik 
drawn from a thousand acres of electrified cloud must be vio¬ 
lent in the extreme. 

The atmosphere almost at all times affoids signs of electri¬ 
city, and before we proceed further with tins subject it will be 
proper to advert to the means commonly used to discover it. 
Cavalio's electrometer, as already observed, is a very useful 
instrument for tins purpose, liy holding it up a few feet 
above the ground, the pith-balls will generally diverge, and 
the kind of electricity may be ascertained by touching it with 
any excited electric in the manner already described, observ¬ 
ing that the electricity of the instrument in this case, is the 
contrary of that of the atmosphere ; but if the electrometer bt 
electrified by rain, bail, or snow falling upon it, its electricity 
is the same as that of the rain. Sic. 

When the electricity of the atmosphere is at too great a dis¬ 
tance. or too slight to aflect an electrometer held in the hand 
of a person on the ground, the instrument may be carried to 
top of a house, or an electrometer may be contrived that 
may be pushed out to a distance; for example, from an upper 
room window. For this purpose, Cavallo makes use of a aien* 
der rod like those used for fishing. The extremity of this rod 
terminates in a tube or rod of glass coated with wax, in ordet 
to insulate two small cork balls suspended from the eud of it 
by hempen threads. Upon the end of the glass tube is put a 
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cork, from which the electrometer is suspended. In this situa> 
tion the electrometer is insulated, but to take away its insula* 
lion until it is pushed out to its proper place, a pin is stuck 
into the cork at the end of the glass tube, and to this pin is 
adixed a packthread which reaches to the lower end of the 
wooden lod held in the hand. When this instrument is pushed 
out of a window, which may be done in an an«>;ie of or 60® 
with the horizon, the packthread is drawn in to disenganre the 
pin stuck into the cotk, and the balls of the electrometer are 
then left insulated, and therefore acquire the electricity of the 
atmosphere, and may be drawn into the room and examined 
with convenience. 

Instruments have been invented, called multipliers or 
doublers of electricity, intended to be used where extreme 
delicacy of examination is proposed ; but the action of these is 
rather of a dubious nature, and we shall tlieiefore proceed to 
the notice of the eiectrical kite. 

The kite used by electricians differs in no respect from those 
used among clnluren. except that tlic paper is covered with 
drying Imseed-oil, to prevent its being destroyed by ram, 
and a slender wire is interwoven with the string to render it a 
better conductor. It is, however, doubtless known to almost 
every one, that there is a coiisiderahlo ditierence among 
chiMrcnV. kite» in their ftyiiig properties: some of them, 
under every favourable circumstance of wind and size, can 
scarcely be raised or kept aloft by any exertion, so that 
tile pertinacity of infantine pel severance, in affairs of sport, 
IS almost exhausted in attending to them. We shall there- 
Ibre give the proportions which will certainly answer well, 
and as these may be observed with so much facility, we 
presume it will not be required that we should devote a 
sentence to the consideration of how much they may be 
deviated from without hazarding the convenience of raising 
the iitHchine. The straighter AB, fig. 10, pi. Ill, and the 
bow CAD, should, when the latter is open, be of the same 
length, reckoning the length of the straighter from the place 
where it is notched to the bow. By this means, when the 
bow is in its place, the cord CD, which connects its extremi¬ 
ties, passes over the straighter at the distance of one-third of 
the length of the latter from its end A j and the tapering oi 
the kite therefore commences at two-thirds of its length from 
its pointed extremity. The cord to which the cord for raising 
the kite is attached, is fastened by both ends to the straighter. 
one end at d, one-sixth of the whole length of the kite froin 
the end A ; and the other at y’, one-third of the whole length 
of the kite from the extremity B. The length of the cord 
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d e J\ may be about equal to that of the atmighter. The cord 
e g, the length of which legulatea the dtatattce of the Eight of 
the kite, must be attached to auch a part of the cord dej^ that 
the kite, if suspended bv it, when without a tail, shall remain 
horizontal, that is, it dial! be just opposite the centre of gravity 
of the kite; and if the weight of paper on each aide of the 
straighter is not equal, it should be made so by putting on ad¬ 
ditional pieces. The tail of the kite should be seven times 
the length of the straighter, and it should be loaded in about 
twenty different places, with some such material as rolls of 
paper, and a bob or heavy roll of the same kind at the end of 
It. The prtmer weight of the tail is easily ascertained by a 
few trials. The straighter should he made of hr, and the bow 
cannot be made of any thing better than a light hoop. A kite 
thus constructed will easily be raised with a moderate wind tu 
a great height. If the paper be oiled after the kite is finished 
and dry, which is perhaps the best way, it should be damped 
with a sponge and water before it is pasted, in order that it 
may dry without wrinkles. A kite four feet high is found very 
convenient for electrical purposes. 

In an electrical point of view, according to Cavallo’s ex¬ 
periments, the whole power of the kite consists in the string; 
It is therefore of little use to coat the straighter with tin-foil, 
or tip it with iron as some have proposed ; but it is important 
to make the string a good conductor, i'ur this purpose the 
simplest mode is to wet it *, but it is better still, to use, wilii 
two threads of common hemp, one of the copper thread used 
for trimmings. 

The highest idea which the ancients could form of omnipo¬ 
tence. comprised the exclusive ability of dirocUug the thunder¬ 
bolt; the power of which they considered to be absolutely 
irresistibie, and the command of it immeasurably removed from 
human control, if then we venture to interfere with this 
astonishing agent of nature, let us remember its tremendous 
power, and not for a moment forego the precautions that will 
ensure safety. In serene weather there is never any danger in 
raising the kite; but it is always unsafe to raise it during a 
Uittnder-storm, or while black clouds are hovering over bead; 
ficNT the quantity of electricity brought down will often be very 
g^eat, although there may be no thunder. When the electricity, 
^refore, during a storm, is intended to be observed, the kite 
•bottld be raised while the air is yet tolerably clear: at the 
ItMver end of the conducting line should be atteched three 
«r Jonr yarde of silk cord covered with wax, that it may not, 
bf. geitiog damp, readily become, a conductor. From the 
tennUinlioa or tome other part of the conducting Ike, a chain 
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of sufficient length to reach to the earth should be fastened; 
or instead of it, when jars are to be charged, and other experi¬ 
ments are to be made, a slender wire may reach from the con¬ 
ducting line to an insulated prime conductor. This condnctor 
should be furnished with a quadrant electrometer, that the 
Strength of the electricity may be determined by inspection. 
The wire connecting the string of the kite and the prime 
conductor should not be stretched, to prevent the motions of 
the string or conducting line from throwing down the conduc¬ 
tor. In making experiments with an insulated string, especi¬ 
ally when a storm is apprehended or actually present, it would 
be proper to have a rod of iron or some other good conductor 
in direct communication with the earth, and within an inch or 
two of the string, so that notice would be given of the descent 
of any unusual quantity of electricity by the snapping be¬ 
tween this conductor and the string, and the operator would 
have time to provide for his safety. 

Cavallo made a great number of experiments with the elec¬ 
trical kite, and his conclusions are drawn up in the following 
manner: 

“ 1. The air appears to he electrified at all times; its elec¬ 
tricity is constantly positive, and much stronger in frosty than 
in warm weather; but it is by no means less in the night than 
in the day-time. 

“ 2. The presence of the clouds generally lessens the elec¬ 
tricity of the kite; sometimes it has no effect upon it, and it 
is very seldom that it increases it a little.” Cavallo himselt 
relates a remarkable exception to this rule which occurred to 
himself, and in which he was nearly overpowered by the shocks 
he received from the accidental presence of a cloud ; but per¬ 
haps he here means the light clouds of fine weather. 

3. When it rains, the electricity of the kite is generally 
negative, and very seldom positive. 

“ 4. The aurora borealis seems not to affect the electricity 
of the kite.” Others have observed the contrary of this. 

*' 5. The electric spark taken from the string of a kite, or 
from any insulated conductor connected with it, especially when 
it does fiot rain, Is very seldom longer than a quarter of an 
inch ; but it is exceedingly pungent. When the index of the 
electrometer is not higher than 20®, the person that takes the 
spark will fee! the effect of it in bis legs; it appearing more 
like the discharge of an electric jar than the spark taken from 
the prime conductor of an electrical machine. 

“ 6. The electricity of the kite is generally stronger or 
weaker, according as the string is longer or thorter ; but it 
does not keep any exact proportion to it. The electricity, for 
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inttaitce, brought down by a atiing of a biuiiinNi yanla, may 
raise the index of the alectrometer to twenty, when, with dou¬ 
ble the length of string, the index of the electrometer will not 
go higher wan twenty-five. 

** 7. When the weather is damp, and the electricity is preUy 
strong, the index of the electrometer, after taking a spark from 
the string, or presenting the knob of a coated phial to it, rises 
surprisingly quick to its usual place, but in dry and warm 
weather it rises exceedingly slow.** 

It may be inquired how the vast quantity of electricity de¬ 
veloped in thunder-storms is produced. To this an answer may 
be derived from the preceding section, in which we have seen 
that vapOur contains in almost ail cases a greater quantity of 
the electric fluid than the water from which it is formed. A 
cloud or collection of vapours, therefore, will by condensation 
become strongly plus, and by rarefaction will become minus; 
and if two clouds in these opposite states approach near each 
other, a discharge will ensue to restore the equilibrium; the 
discharge will be attended with a flash, constituting the light¬ 
ning, and the lightning dividing the air and forming a vacuum 
by its velocity, the divided air, on rushing together again, pro¬ 
duces the thunder. The very same cause produces the snapping 
of the slightest spark, it may also be observed, that the phe¬ 
nomena of thunder and lightning will ensue when a cloud, eitlier 
plus or minus, strikes the earth, instead of another cloud. 

After experiments with the electrical kite and elevated con¬ 
ductors bad proved that lightning could be drawn from the 
ciouda in immense quantiU', it ceased to be a doubtful ques¬ 
tion whether buildings might not be rescued from the hazard 
of destruction by lightning, if they were furnished with con¬ 
ductors, reaching above the most elevated part of them, and 
having an unbre^en connection with the earth. But while 
the usefulness of conductors for this purpose appeared indis¬ 
putable, a controversy arose as to tlie best form lor them. It 
was maintained by one party, that they should have blunt ter¬ 
minations ; by another, that they should be pointed. I’ointed 
conductors, it was argued, would attract distant electricity 
that would not aflect blunt ones; but it was replied, that they 
would attract and carry it off in an innoxious stream, at all 
distances where it bad any effect; while the discharge to a 
blont conductor would often be vehement and destructive. In 
the ead, n number of experiments, made under the inspection 
oi tlitt Eognl Society, decided the question in favonr ot point¬ 
ed cooductors, and no other ue now in use. 

Ad ^ecrive conductor should rise eight or ten leet above 
Um bigfaMt part of the edifice it is intejaded to secure, tod 
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ihoutfi tenninata in several short branches, each of which most 
be pointed, in order that if one or more be melted by the light* 
fling, the rest may perform the duty assigned them. It should 
not be smaller than half or three-quarters of an inch in diame¬ 
ter, and as its effects would be injured by rost, which is a non¬ 
conductor like oxides in general, the upper part of it should be 
copper, or if of iron, it snould be plated with gold or platina. 
When not composed of one single piece of metal, the several 
Joinings shoiila be very close. The conductor should not de¬ 
scend very close to the side of the house, particularly if it 
contain combustible materials, and care should’ be taken to 
direct it from the house towards the foundation, and terminate 
it if possible in moist earth or water several feet under ground. 
It should also be fastened to the house by wooden holdfasts, 
when it cannot be conveniently detached altogether. 

Small buildings may be considered sutiiciently guarded by a 
single conductor, but large ones will require more. In general 
it may be calculated that a single conductor secures a space 
of ten yards round it. 

A conductor of lead must be four times the diameter of an 
iron one to afford the same security ; but copper need be only 
half the diameter of iron to effect the same purpose. Square 
iron rods of half an inch in thickness, will withstand the 
strongest lightning. 

The propriety of securing ships is not less obvious than 
that of securing buildings, and a chain has been generally 
used, connected with a rod rising some feet above the main¬ 
mast ; but the quantity of electricity brought down is often so 
great, that the obstruction to its course between the links 
often snaps the chain, it is therefore better to use a copper- 
wire accommodated to the vessel by bending, and terminating 
in the water. 

It has sometimes happened, in America especially, where 
thunder-storms are more sudden and more violent than with 
us, tltat edifices have been struck by lightning, although fur¬ 
nished w ith metallic conductors. On this account, the Ame¬ 
rican Philosopical Society adiudged to Robert Paterson a 
gold medal, for his essay on the improvement of conductors. 
Paterson proposes, first, to insert on the top of the rod a piece 
of the best btack-lead, about two inches long, and terminating 
in a fine point, which must project a little above the end of 
the point of the rod ; so that if the black-lead point should, 
hy any accident, be broken off, that of the rod would be left 
sharp enough to answer the purpose of a metallic conductor. 
His second intention is, to facilitate the passage of the electric 
fluid from the lower part of the rod into the surrounding earth. 
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In many caaaa il it iin|»rict3€aU«» from tl» inteiftmtioatdf 
rockt tad otbar abataclm^ to tiak tiio rod to dteply at to 
mach moiat earth, or any odier aabttaiiee nhioh ia a toterably 
good coodootor of eto(M:raty* To remedy Ibia defiioU he pio^ 
potet to make the lower put of the tod either of laa oc cGfH 
per, which metaia are bur leaa liable to cornMioo or rimt than 
iron, when lying under^groand; or, which will anawer ^ 
purpose still better, to coat Uiat part of the conductor, of 
whatever metal it may conatat, with a diick cruat of black* 
lead prertoiudy forated into a paste, by being pulverised, 
nuxed with melted aulpbur, and applied to the rod while 
hot. By this precaution, the lower part of the rod will, in hia 
opinion, retain its conducting power for i^es, without dtmi* 
nution. In order to increase the surface ot the subteitaneoua 
part of the conductor, he directs a hole or pit, of sufficient 
extent, to be dug as deep as convenient, into which should be 
put a quanti^ of charcoal, surrounding the lower extremity 
of the rod. tbus the surface of that part of the conductor 
which is in contact with the earth, may be increased with 
little trouble or expense; a circumstance of the 6rst impor¬ 
tance to the security against those accidents, as charcoal is 
generally an excellent conductor, and not subject to change 
Its properties. It is necessary, however, to ascertain that the 
parcel of charcoal used is a good conductor, as all kinds are 
not of that character. With respect to the black-lead, di¬ 
rected to be used at the top of the conductor, it may be 
doubted whether any service would be rendered by it; it ia 
recommended by the proposer of it, because lightning will not 
fuse it, but Br. Van Marum found that the oischarge of his 
battery always reduced the strongest black-lead to powder; 
and therefore it must be supposed that the effect of lightning 
will not be inferior. 

Personal security, during a thunder-atonn. forms another 
ob^t of important consideration. Dr. Franklin advises per* 
sons iqiprefaensive of lightning to oit in the middle of the room, 
not under a metal lustre, or any other conductor, and to lay 
their feet on another chair. A precaution of this kind is the 
easimA that can be observed, and ensures a high degree of 
safety I but ibe Doctor adds, for .ffie information of those 
whoae timidity induces them to pnrebase relief from their 
feam at aoy price, that it will be ttiU safer, to lay two or three 
beds ormaitrasses in the middle of the room, and folding 
th«Bi<d(lBhl«^> to place the chain upon them. A hammock, 
•wponded 1^ mlaen cords, would oe an improvement even 
wpoa tint apiwralua. Tim floor shoald be dry, or the lightning, 
iut etfike we bouse, will fly over it. As the walls ai^ floors 
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o^houMt MO ittuaily div^ and ihen^om bad condoctoiii^ die 
l^btoiog w pfevented nWi epr^ieg.^^aod often seizes with 
so nittcb tbe more avidity tbe slightest afdcles of metai m its 
w%f, A fmrson lost bis life by bappming fo be leaning with 
bis head near tbe beU-wise of an s^artment where tbe light* 
ning had entered; usd cv«i the electricity conducted by tbe 
gliding of a pfcture>-lrame, ought produce an equally fatal 
catasteopfae* Dr. Priestley observes, that the place of most 
perfect safety, is the cellar, and especially the middle of it; 
for when a person is lower than the si^ace of the earth, 
tbe lightning most strike it before it can possibly reach 
him. it is therefore most probable that it will become imme¬ 
diately diffused, and not enter tbe cellar, especially if it be 
not damp. 

The best situation for a person who happens to be in the 
ftelds during a thunder-storm, is, not immediately under, but 
within a short distance of a tree; as the lightning generally 
strikes first the highest and best conductors. 

Lord Stanhope observes, that damage may be done by 
lightning, not only by the main stroke, but by that which he 
cidls tbs returning stroke^ by which is meant the sudden and 
violent return of that part of the natural share of electricity 
which had been gradually expelled from some body or bodies, 
by tbe superinduced elastic, electrical pressure of a thunder- 
clond. By this Uteory be soives some cases, otherwise of dif¬ 
ficult explication. 

When tbe identity of lightning and electricity had been 
cleared of ail doubt, philosophers were induced to suppose 
that electricity might be the agent in many other atmospheri¬ 
cal phenomena. Tbe aurora borealis, streamers, or northern 
lights, was particularly singled out as an electrical appear¬ 
ance, and it appeared to strengthen the conjecture, that this 
phenomenon can be admirably imitated, in the manner already 
stated, by a conductor, or glass vessel exhausted of air. That 
tbe aurora borealis takes place at very great heights, is obvi¬ 
ous from their being seen in distant countries at tbe same 
time. Dalton has estimated the height of the rainbow-iike 
arches formed by it at 150 miles, but other appearances of the 
kind have been estimated at 400, 600, 800, &c. miles. At the 
lowest of these heights, the rarity of the air will be not unlike 
that of an ordinary vacuum, and the electric fluid, if existing 
at such a height, would doubtless diffuse itself as in such an 
approximated vacuum. Tbe aurora borealis affects the mag¬ 
netic needle, which is another reason why it is probably an 
electrical phenomenon ; and at the time it prevails, greater 
quantities of electricity are occasionally derived from the 
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atmosphere than at other timet* The ht%ki at whteh the 
phenomenoa occurs may prevent this electrical ^eol on iImi 
atmosphere from been common. No cause has, however^ 
yet been assijirQed for the disturbance of the electric fluid in 
the higher regions, so as to produce light, nor why the ap¬ 
pearance in question should be more common and intense the 
nearer we approach the poles, while at the eqtmtor it is never 
seen. The rustling, crackling noise is freouently heard to 
accompany the aurora borealis in Englana, or even in a 
lower latitude, but in regions ten or twenty degrees nesrer 
the pole, its noise is like that of the largest fire-works 
playing off. and in Siberia is denoted by an expression 
equivaleDt to ** the raging host is passing/' The aurora 
borealis is seen most frequently after a dry summer, in frosty 
weather. 

Those meteors, vulgarly called ** failirg stars/’ which may 
be observed, more or less frequently, almost any fine night, 
and some of which arc remarkable for their splendour and the 
length of their course, are also supposed to have an electrical 
origin. 

As waler-spouts occur roost frequently in those countries, 
and at those seasons of the year, when thunder-storms are 
most common, and lightning generally is seen either before or 
after them, their connection with electricity baa been inferred, 
and their appearance explained on electrical principles. When 
the convergence of diflcrent winds has produced a whirling 
motion of the air, a strongly electrified cloud over the centre 
of the whirl, will easily attract the unelectrified water, and 
thus the cloud and the water will meet each other. It is some 
slight confirmation of the inference of electricity in these phe¬ 
nomena. that an electrometer shews strong signs of electricity 
daring whiilwinds. 

Electricity appears to connect the perturbations of earth 
and sky, in still more awful phenomena. Lightning is almost 
always observed in the discharge from a volcano, and during 
the time of an earthquake. Electricity gains force at it runs 
along a conductor, and often melts the extremity of a wire, 
while the remainder of it is unaffected : if, therefore, a large 
* quantity of it, from a cloud, for example, finds a good con¬ 
ductor for a long cour^ in the earth, and termioatea at last 
among inflammable materials, the effects we see in volcanoes 
Imve an assignable cause perfeclly adequate to their prodoo- 
tioBu Earthquakes are often unattended with any vapour, 
smell, or fire; they are also often preceded or accompanied 
by tbe most terrific thuDder-storms. As the earth is the grand 
reservmr of electricity, it is not hard to admit, that the 
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renstaace which ymH quantitiet of electrictty may meet with, 
before an ^uiltbrium take# place, mar produce the undu- 
latory raotioa which we calf an earthqudce. The earth, 
when dry, is a bad conductor, and will not receive the elec* 
tricity from the clouds without a strugi^e. It is favourable 
to this hypothesis, that earthquakes in general affect only 
the outward surface of the earth, and seldom injure mines or 
springs; it is also worthy of remark, that earthquakes mostly 
take place in hot countries, where lightning and thunder 
most abound. Ships are affected in a manner that can 
scarcely be accounted for on the supposition that the commo¬ 
tion originates entirely within the earth ; but if a person hold 
his band in a quantity of water, through which the electrical 
shock is passed, he will receive a blow that will afford a tan¬ 
gible proof of what ships may feel in the electric shock of 
nature’s operations. 


Of Animal Electricity. 


There are three species of fish which possess the power of 
giving an electrical shock ; viz. the torpedo, the gymuotus elec- 
tricus, and the sthtrua eiectncus. 

The torpedo has been known from the most ancient times, 
but the wonderful accounts given of its power, in part per¬ 
haps coloured in the narration, were till recently regarded as 
fabulous by those who had not witnessed them. It was not 
till the phenomena of electricity became familiar, and the 
coincidence between them and the power of the fish was 
clearly perceived, that they gained much credit. The torpedo 
IS a flat fish, of the ray tribe, very seldom exceeding twenty 
inches in length, and twenty pounds in weight; though some 
have been occasionally caught that weighed from fifty to 
eighty pounds. It inhabits the Mediterranean and the North 
Seas. The electrical organs of this animal are two in number, 
and are placed on eaclr side of the cranium and gills. Each 
organ consists of perpendicular columns, reaching from the 
under to the upper surface of the body, and varying in length 
according to the thickness of the fish in different parts. The 
number of these columns varies in different torpedoes, and 
also at different ages of the same animal. The length of each 
organ is somewhat less than one-third of the entire length of 
the fish. In a very large torpedo, one organ was found to 
consist of 1182 columns: the diameter of a column is gene¬ 
rally about one-fifth of an inch. 



If the torpeile, in ^ w«t6r or ont of tt» bnt Hot to* 
sutated^ be toadied with one hwad, ft genertHr ooininanicttai 
a tremblinf motion, or alight ahocfh. to the hand; bottto aenM«« 
ation it felt In the tomert of that band onlf. If ^ torpedo 
be touched with hoth handa at the tame time, onebeing applied 
to its nnder, and the other to its apper surface, a ahock will in 
that case be received, which ia eaacAly like that given by tto 
Leyden phial. The ctronit ma 3 f be compeodi of several petaona 
joining hands, and the shock will be felt by them all at the same 
time. The shock of thetoipedo is conducted by the same aah* 
stances which conduct electricity, and is intercepted by tbe 
■ame bodies which are non-conductors of electricity. 

The torpedo gives no shock when tbe hands are placed 
upon tbe electric organa of the same surface, which shews that 
the oigan on one side is in the positive, and that on the other 
in the negative state, like the opposite surfaces of a jar. 
The shock which it gives when standing in air, is four times 
as strong ss that which it gives w hen standing in water. 
There is a very peroeptiblc difference in the stiength of the 
shock occasioned by the length or diminution of its circuit. 
This is BO remarkable, that it may be proved l*v a single 
person, for on taking the shock by touching the opposite 
organs with separate bands, and then taking it by touching 
tbe opposite organs with the finger and thumb of the same 
band, the latter shock will be found much stronger than the 
former. The power of the torpedo sometimes produces only 
one single sensation of numbness in tbe hand: this is sup¬ 
posed to arise ftom a rapid succession of small shocks, which 
cannot be separately distinguished. In the space of a minute 
and a half, fifty strokes have been received from the animal, 
when insulated. This power appears to be entirely under 
the control of the animal, and is increased with any cause 
of irritation. It it also stated to be accompanied in every 
instance with a depression of the eyes. The animal commonly 
lies in forty-fathom wrater, and is supposed to stupify its prey 
by this singular faculty. It ia sometiroea imbead^ in tbe 
•ands of shallows, and it stated in these cases to give to thoae 
who happen to tread upon it, an aatoniahiug and overwhelm- 
ingsbocK. 

^e ahock of tbe torpedo will not pass over tbe least inter* 
iWpiion of continuity in a conductor; eonaequently no spark 
dUD be obtained from it. A plate of air not we SOOtb part of 
ab inch tbitde, as betareen the linka of a chain, it a harvieir to 
in pit^THae. This ahigalarity ta well accounted for by Width, 
wtoUR^rmoffao artificial torpedo, by which the effects of the 
Dimrm one were admirably imitated. He found that toesame 
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qtttntity of eleotrieity which, from a amtil jar, wcmld give a 
emart spark^i would, if diffused over a large jar, or over a baU 
tery of jars of the same size, scarcely give any spark or report, 
ana its power of passing through a space of air is diminished 
in the same proportion, although the strength of the shook 
continues the same. The numerous columns in each electri¬ 
cal organ, then, he considers as so many separate vessels, each 
weakly charged, and consequently producing the same effect 
as a battery weakly charged, t’he artificial torpedo gave a 
considerable shock through a conductor, but an interruption 
of a faatr*8 breadth stopped its course. 

The next fish we have to notice as possessed of properties 
resembling the torpedo, is the gtfmmtus electricus, called also 
the el^trkal eel. This fish is generally of the length of three 
or four feet, is of an unpleasant appearance, much like a large 
eel, but thicker in propoition to its length, and always of a 
blackish brown colour. It has occasionally been seen of the 
length of ten feet. It is found in the hot climates of Africa 
and America, particularly in the rivers of Surinam and Sene¬ 
gal. Dr. Garden, of Chaileston, South Carolina, after giving 
an elaborate description of the form and structure ot tins 
knimal, adds, that it has the power of giving an electrical 
shock to any person, or to any number of persons who join 
hands together, the extreme person on each side touching the 
fish. There were five of these fishes under his immediate 
inspection at the above town, all of which possessed this 
property in a high degree, and they could communicate the 
shock, either immediately on being touched, or through the 
medium of a metalline rod ; but when they were first caught, 
this power could be exerted by them with greater strength 
than afterwards. He observed that, in his own case, the 
shock was never experienced w hen the fish was laid hold of 
by him with one hand only; when it was held by both hands, 
at a considerable distance anait, he never failed to receive a 
sensible and smart shock. Indeed, if the fish be held by one 
hand, and the other hand be immersed in water immediately 
over its body, the same effect will follow as if it be held by 
both hands; and so it will be with respect to any number of 
persons joining in a circle, one hand of the person at one ex¬ 
tremity holding the fish, and the other at the other extremity, 
placing his hand in the water over it. In Surinam river the 
electrical eel is caught considerably above the reach of the 
sea-water. It subsists on fishes, worms, or any animal food, 
which is small enough for it to swallow ; and when any fish 
is sufficiently near, it immediately communicates to it a 
shock by which • it is stupified. If the prey be large 
:j7._Voi.. II. • 2K 
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»evenU shocks are re<)uiii^* and are epplifKi for this por*^ 
pose, and many fish are thus dwtjoyed by Ihe gymnotna 
whidi it is unable to swallow, and after repeated attempts 
finds itself obiised to abandon. It appears that the strength 
of the shock which the gymnotns can give, increases with 
its size; and it is stated that there are some in Surinam 
river, whose length is twenty feet, and whose shock will 
immediately kill a man; they are therefore gieatly dread¬ 
ed by the inhabitants of those parts. They are never¬ 
theless an article of food, and even by some esteemed a 
delicacy. 

Th| g^mnotus retains its electrical properties few a consider¬ 
able time after death, but gradually decaying in strength. A 
gymnotus of three feet in length is generally between ten and 
fourteen inches in circumference. The animal has two pair of 
electrical organs, one pair being larger than the othei. and oc¬ 
cupying most of the longitudinal parts of the body. 

The electrical properties of the gymnotus are exactly simi¬ 
lar to those of the torpedo, but of greater strength. I ts strength 
ia so much greater, that it will pass through a small intt rriip- 
tion in the circuit, as from link to link of a stretched chain, or 
across the incision made with a penknife in a slip of tin-foil 
pasted on glass, in doiag which it will give a spark distinctly 
visible in a dark room. 

The electrical powers of the gymnotus arc dependent on its 
will, and exercised with the greatest force under irntaitoii. 
The fish avoids non-c:>uductnrs or interrupted circuits placed 
in the same water with it, but as soon as the circuit is com¬ 
pleted, it approaches and gives the shock. 

Of the third fish capable of giving the shock, but few 
particulars are known. It is called the ithrus eUctriem, 
and is found in the rivers of Africa. It is sometimes found 
to exceed twenty inches in length. The body of this fish 
is oblong, smooth, and without scales; the electric organ 
seems to be towards the tail, where the skin is thicker than 
on the rest of the body, and a whitish fibrous substance, w hich 
is probably the electric organ, has been distinguished under 
it. It is merely said in general that it has the power of be¬ 
numbing like the torpedo, but we have no details of expert- 
ntente made with it. 

Several curious facts of spontaneous animal electricity have 
bean occasionally noticed from the most ancient times; but 
titey were considered as fabulous by those who bad no ocular 
deoKRistration of them. Virgil declares that the hair of 
Aacmiiaa emitted a harmless kind of flame, and Plitw often 
speaka of light shining round the heads of men. I^aitger 
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•peaks ef a white CaiabrtaQliorse«vrhieh»vrhea combed in the 
dark, emitted sparks of hre. iostances of aoimal electricity 
of this sort sj^e not only well attested, but the possibility of 
them may be rendered very apparent, by rubbing backwards 
the fur of Uie back of a cat. after the animal has been some* 
time before the fire, and its coat is thoroughly dry. Eiectri* 
cal sparks will generally be observed in the dark, and will be 
accompanied with their usual report. 

According to Hemmer’s eaperiments, the electricity of the 
human body is mostly positive. In 2422 experiments in which 
he examined his own electricity, he found it 1252 times posi> 
live, 771 times uegutive. and 399 times 0. His own electricity 
was commonly plus, when he sat at perfect rest in his usual 
chair; but if his feet happened to be cold, it was perceptibly 
negative. He found tliat by washing his hands and face m 
cold water, his electricity, which a mcinent befoie was strongly 
plus,always became either much weakened or entirely negative. 
By exposing Itiiuseir to a cool air while well clothed, his elec¬ 
tricity in like manner changed from positive to negative, or 
weakly posilive. Bodily motion is by no means necessary for 
producing animal electricity : neither does it depend upon the 
movement occasioned bv respiration. In a stale of lassitude, 
the electricity of the body is generally negative ; but intensity 
of thought renders it strongly positive. 

Ov TIIK TlU;oU\ OF Ei.F.CTKU ITY. AM) M 1 SC F.LLA N EOUS 

UCM AKkS. 

Du I'ay attempted to account fur the phenomena of elec¬ 
tricity, bv supposing that tliey were piodiiced by two distinct 
fluids. These fluids, it has been already explained, he called 
tlic vitreous and resinous electricities, and he supposed each 
kind to have a repulsive power with respect to itself, but that 
they had an attractive power with regard to one another. It 
is obvious, however, that to account tor attraction and repul¬ 
sion by the supposition of an attractive and repulsive power, 
aflurds no real explanation of the subject, and applies at tlie 
best only to the most simple and common cases of attraction 
and repulsion. If tlie two fluids existed, a body positively 
electrified ought to attract one negatively electrified more 
weakly than one not electrified at all, which is contrary to 
experience. At this time, it was imagined that the electric 
matter, whetlier consisting of one or more fluid.s, was elicited 
by friction from electric bodies; but Dr. Watson having 
proved, by the eflects of insulation on the machine, that it was 
derived from the earth, a new' train ol ideas instantly presented 
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themselvet. la Ibe end* the Doctur ooacludad tbi^ all alao* 
trical phenomeaa might be aecouuted for from the exoeM or 
diminutioo of the quantity of electric fiaidcontaiaml la diiitfeat 
bodies. This theory was afterwards adopted by Dr. FrmikUn. 
and is almost constantly dtsiingiiished by his name. 

After Dr. Watson had given his eapenments and opiatona 
on this subject to the world, several ether ingenious persons 
eserted themselves in forming electrical theories} but tliey 
were entangled in difficulties, which required so constant a 
resort to assumptions for dearing them away, that Franklin, 
a lover of simplicity, fixing upon the pand idea of increase 
or diminution pointed out by Dr. Watson, mideavoored to 
shew that it formed the key of which pbilosopbera were in 
search, and was fully competent to ail purposes, when ac* 
companied with proper explanations. Whether, therefore, 
this theory will in all respects bear the test of future inge* 
nuity and discoveries or not, it has evidently met, upon the 
whole, with the roost marked approval. It gate strength to 
it, when it was found that an electrical machine exhibited 
both the vitreous and resinous electricities at the aame time, 
vis. the electricity of the insuinted prime conductor was the 
same as that of excited glass, while the electricity of the 
rubber was the same as that of excited sulphur, sealing-wax. 
rosin, ficc. We shall advert to objections against it, but must 
hrst observe, that it is comprised in the seven following 
propositions: ^ 

1st. The electric matter is one and the same in all bodies, 
and is not of two distinct kinds. 

2nd. All terrestrial bodies contain a quantity of this matter. 

3rd. The electric matter violently repels itself, but attracts 
mil other matter. 

4th. Glass and other substances, denominated electrics, 
contain a large portion of this matter, but are not to be 
penetrated by it. 

6th. Conducting substances are permeable by it, and do 
not conduct it merely over their surface. 

6lb. A body may contain a superfluous quantity of the 
electric fluid, in which case it is said, according to this theory, 
to be in a positive state, or electrified plus ; and when it con¬ 
tains less than its natural share, it is said to be negative, or 
eiectrifled minus. 

7tli. By exciting an electric, the equilibrium oT the fluid is 
bfxdlMai. and the one body becomes overloaded with electricity, 
wUle the*other is deprived of its natural share. 

Aecordtng to this hypothesis, the pores of all bodies are sup 
posed to be foil of this subtile fluid ; and when its equilibriutt 
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IS not ditiarbed, thftt it, when th«re w in any body neither 
more nor less than iti natural ahare, or than that quantity 
which it is capable oi retaining by ita own attraction, the 
fluid doea not manifest itself to our senses. The actioii of 
the rubber upon an electric disturbs this equilibrium, occa¬ 
sioning a deflciency of the fluid in one place, and a redun¬ 
dancy of it in another. This equilibrium being forcibly dis¬ 
turbed, the mutual repulsion of the particles of the fluid is 
necessarily exerted to restore it, and covers the excited surface 
of the body with what is called an electric atmosphere. It is 
demonstrated by Earl Stanhope, that the density of the electric 
atmosphere diminishes exactly in proportion to the squares of 
its distance from the electrified body. If two bodies be both 
of them overcharged, the electric atmospheres repel each 
other, and both bodies, if at liberty to move, recede from one 
another to places where the fluid is less dense. For as there 
is supposed to be a mutual attraction between all bodies and 
the electric fluid, such bodies as are electrified must go along 
with their atmospheres. 

So far it is supposed that the bodies spoken of are electri¬ 
fied positively; we have now to examine the solution offered 
of the eflects of bodies electrified negatively. If both the 
bodies are exhausted of their natural share of this fluid, they 
are both attracted by the denser fluid existing either in the 
atmosphere contiguous to them, or in other neighbouring 
bodies, which occasion^ them still to recede from one another 
as if they were overcharged. This solution is liable to con¬ 
siderable objection, and has received various amendments, 
though none of them have been satisfactory. It has been 
argued, that as the denser electric fluid, surrounding two 
bodies negatively electrified, acts equally on all sides of these 
bodies, it cannot occasion their repulsion. Cavallo therefore 
takes into consideration the fact, that no electricity can ap- 

I iear upon the surface of any electrified body, except that sur- 
ace is opposite to another body which has actually acquired 
Uie contrary electricity, and these contrarily electrified bo¬ 
dies are separated by an electric: that the air is in general 
the electric which is opposite to the surface of any electrified 
body, for as it is not a perfect conductor, it easily acquires 
a contrary electrioity on a stratum of its substance, that is, at 
a little distance from the electrified body.- He therefore 
supposes that bodies negatively electrified repel each other, 
in order that a quantity of air may be interposed between 
their surfaces, sutEcient to acquire a contrary electricity at a 
little distance from the said surfaces. This is a plausible 
solution of a diflScuIty which Dr. Fraukltn, who, it appears. 
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when he fonned his theory, wot not eware of Uit repiilsi<m 
between negatively electrified bodies, adutowkdgadC after 
being apprised of it, that he could not explam in a satitfao* 
to^ manner. 

The ready application of Br. Franklin’s theory to the 
solution of the phenomena of the Leyden phial, contributed 
greatly to his celebrity. The deetnc fluid is supposed to 
move with the greatest ease in bodies which are canduotort, 
but with extreme difficulty in electrica. Glass is atumlutely 
impermeable to it; hence it ia auppoaed that all electrics, 
and particularly glass, on account of the smallness of their 
pores, are at all times so replete with this fluid, that no more 
can be thrown upon any part of them, except a like <)uantity 
escape from another part, and the gain be exactly e<]ual to 
the loss. Supposing these premises to be true, the pheno¬ 
mena of charging and discharging a plate of glass is of easy 
explanation. In working an electrical machine in the usual 
manner, the electric fluid is supplied by tiie rubber from all 
the bodies which communicate with it. If the rubber com¬ 
municate with nothing but one of the coatings of a plate of 
glass, while the conductor communicates with the other, 
that side of the glass which communicates with Ihe rubber 
most necessarily be exhausted in order to sit{>plv the con¬ 
ductor, which must convey the whole of it to the side with 
which it communicates. By this operation, therefore, the 
HaTB’ki fluid becomes almost eiitirelj^ (^xhaustcd on one side 
of the plate, while it is as much accumulated on the other ; 
and the discharge is made by the electric fluid rushing, as 
soon as an opportunity is given it by means of proper con¬ 
ductors, from the side which is overloaded to that which is 
exhausted. 

It will be acknowledged, says Dr. Priestley, that while the 
substance of the glass is supposed to contain as much as it 
can possibly hold of the electric fluid, no part of it can be 
forced into one of the sides, without obliging an equal quan¬ 
tity to quit the other side : but it may be thought a difficulty, 
upon this hypothesis, that one of ihe sides of a glass plate 
cannot be exhausted, without the other receiving more than 
its natural share; particularly as the particles of the fluid are 
tnpposed to be repulsive of one another. But it must be 
considered, that the attraction of the glass is sufficient to re¬ 
tain even the large quantity of the electric fluid which is 
toatnmi to it, against all attempts to withdraw it, unless that 
eager attinction can be satisflea by the admission of an equal 
quantity from some other quarter. When this opportunity of 
a sufppiy is given, by connecting one of the coatings with the 
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rubber; and the other with the conductor, the two attempts to 
introduce more of the fluid into one of the sides, are made tw 
a manner at the same instant. The action of the robber tends 
to disturb the equilibrium of the fluid in the glass; and ho 
sooner has a spark quitted one of the sides, to go to the 
rubber, than it is supplied by the conductor on the other; and 
the ditflouity with which these additional particles move in 
the substance of the glass, eflectually prevents its reaching 
the opposite exhausted side, it is not said, however, but that 
either side of the glass may give or receive a small quantity 
of the electric fluid, without altering the quantity on the op¬ 
posite side. It is only a very considerable part of the charge 
that is meant, when one side is said to be filled while the other 
is exhausted. 

The theory does not require that the whole of the identical 
electricity that surcharges one side of a phial should be 
conveyed to the other through the whole length of a long 
circuit. The same effects will follow', if it merely drive 
forward, to the exhausted side, the electricity which the con¬ 
ductors are actually possessod of, and the place of which it 
occupies. This might be illustrated by a phenomenon of a 
different nature ; there is a tide at London-bridge, although 
the waters of the ocean never arrive there ;—they only push 
back the water of the nver. 

The impermeability of glass to the electric fluid, required 
by the above theory, has been much contested. In the first 
place, the well known fact that thin glass is more easily 
charged than thick, induces the belief that the surfaces 
have a substantial communication ; and the circumstance that 
if a spark be taken from a prime conductor by the knob of 
a coated iar standing upon an insulating stand, the knuckle 
presented at the same instant to the outside coating, will re¬ 
ceive a spark, seems not easy to explain away. If the elec¬ 
tric fluid cannot act through glass, whence comes this spark ? 
and if it can act through glass, does it not also pass through 
it? or does it act where it is not? Another proof that glass 
is penetrated by the electric fluid i«, that the electric shock 
cannot be sent over the surface of glass. If this substance 
were altogether impenetrable to this fluid, it seems most 
likely that it would run over the surface of glass very easily. 
But instead of this, so great is its propensity to enter, that a 
shock sent through between two glass plates, pressed closely 
together, always brpaks them to pieces, and even reduces part 
of them to a powder like sand. Also in experiments where 
jars are broken in attempting to charge them very highly, the 
entrance of the fluid into the glass must necessarily be 
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admiU«d. in thort, tb« only roMon for tnppoaitif thnt 
electric flaid cannot act tbrongh giass* ia tbe auppoaitton that 
there is an accumulation of electricity on one aide of the glaaa; 
but this accumulation itaelf ia by no means inconteatably 
proved ; and philosophers have certainly much reason to be 
attentive to the facta which relate to these two subjects. Wo 
shall only mention further, a theory which takes a middle 
direction; it is admitted that electricity enters glass, but 
enters only to form alternate strata in the positive and negative 
state; Urat these strata are formed on each side, and incrcatte 
in number with the height of the charge; hence, if too high a 
charge for the thickness of the glass is attempted to be given, 
they meet, and form a communication which la aUended with 
the breaking of the electric. 

The force with which electrihed bodies remain in contact, 
has, instead of attraction, been called ekcirical cohesion. An 
amusing instance of this is seen in Symmer's experiments 
on silk stockings. He had been accustomed to wear two 
silk stockings on the same leg, one of them white, the other 
black. When these stockings were drawn off together, no¬ 
thing remarkable appeared ; out if, while they were both on, 
he rubbed his hands several times over them, and then drew 
off the outer or black one by itself, he heard a crackling 
noise, and in the dark perceived sparks of fire between 
them. When the stockings were separated and held at a dis¬ 
tance from each other, both of them appeared to be highly 
excited; the while stocking positively, and the black nega¬ 
tively. While they were kept at a distance from each other, 
both of them appeared infiated to such a degree, that they ex¬ 
hibited the entire shape of the leg. Two black or two white 
repelled each other with considerable force, but a white and a 
black one would, if permitted, rush together with surprising 
violence; their inflation subsiding at the aame time, and en¬ 
tirely ceasing when they were in contact. On separating them, 
their electricity was renewed. At first Symmer found it re¬ 
quired a force of from one to 12 ounces to separate them; at 
another time they required 7 ounces to separate them, which 
weight was twenty times that of a single stocking; and it 
was applied in a direction parallel to ita surface. When one 
of the stockings was turned inside out, and put within the 
other, it required 20 ounces to separate them; Uiougfa at that 
tine ten ounces were sufficient, applied externally. Getring 
tin black stockings new dyed, and the white ones washed, 
and whitened in the fumes of sulphur,* and ffien putting 
then one within the other, with the rough sides together, 
it required three pounds three ounces to separate them. With 
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•tockingtof a more substantiid make, the cohesion was greater. 
In iike maniier, electrical e€eoto will be obtained by rubbing 
with the hand or other substances any small pieces of black 
and white silk. A number of experiments were made with 
black and white ribbons, which with ^ght difference in the 
mode of rubbing, or of the surfaces of the bodies in contact 
with them, acquired negative and positive electricity by 
turns. 

Symmer also made some experiments on the electrical cohe¬ 
sion of glaM, and was followed by others. The ensuing ac¬ 
count will give some idea of the process used. A coated plate 
of glass was charged, and then the coating was taken off the 
negative surface, to which another uncoated and uncharged 
plate of glass was applied. A coating was then put on the 
uncharged glass, so that the whole resembled one coated plate 
consisting of two lamina. On making a communication be¬ 
tween the two coatings, an explosion took place, and the co¬ 
hesion of the plates ensued. If the plates were separated 
before the explosion, after they had been in conjunction for 
some time, the charged plate was positive on both sides, and 
the uncharged one negative on both sides. If after the ex¬ 
plosion they were separated and joined alternately, a small 
circle of paper, placed under the uncharged plate, adhered to 
it upon every separation, and was thrown oft upon every con¬ 
junction. I’his could be repeated five hundred times with once 
charging the plate. 

The power of the electric ftuid to produce transparency in 
its passage over or throutrh bodies naturally opake, is one of 
those surprising facts wdneh has excited much speculation. 
Hauksbee (whose experiment has been mentioned atpa^e 190) 
first discovered this in the instance of pitch ; and the electri¬ 
fication of eggs and similar experiments are only varieties of 
the same nature. These experiments militate against the opi¬ 
nion that transparency depends upon the rectilinear direction 
of the pores of bodies, and it has been conjectured that elec¬ 
tricity alone is the cause of all transparency ; it must be con¬ 
fessed, however, that the present state of the science leaves the 
reasoning in favour of this hypothesis but weakly analogical. 

If we take two similar basins of water, and electrify one of 
them, it will be found to weigh less than the other, which 
■joves that electricity promotes evaporation. - 
^^When a jar or battery is discharged, the electric fluid dis¬ 
turbs the electricity of every substance connected by a con¬ 
ducting body with any part of the circuit. Thus if a person 
hold one end of a chain or wire which is connected with the 


metallic part of a discharging rod, when the iischarge is made, 
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he will feel some part of the shock, though by a long chain or 
wire he may be far removed from the circuit. The shock ex¬ 
perienced under these circumstances is called the iaitral rjr- 
plosion. The more imperfect the conductors of the circuit, the 
stronger it is. * 

A strong shock sent through metallic oxides, frequently re¬ 
duces them to a metallic state. 

A piece of gold and a piece of silver of the same bulk, gain, 
under the same circumstances, an equal portion of the electric 
fluid. Hence it appears that the capability of retaining this 
fluid, is not in proportion to the quantity of matter. 

The greater the density of the air in which a jar is charged, 
the greater the charge which the jar will hold, provided the 
air dry. This might lead us to conclude, that electricity is 
confined upon bodies either in part or altogether by the pres¬ 
sure of the atmosphere. 

On approaching any body strongly electrified, the face is 
aflected by a sensation resembling that which would be occa¬ 
sioned by its meeting a spider’s web. This sensation is there¬ 
fore called the spider's weft, and is supposed to he occasioned 
by the electrification (and consequent rising up) of the hairs 
or down upon the face. 

If a point be fixed in an electrified prime conductor, and 
the tongue be held near it to receive the electrical stream issu¬ 
ing from it. a peculiar taste will be perceived. 

Bodies of any kind which have been long exposed to an 
electric stream, acquire a smell almost resembling phospho¬ 
rus. and retain it for a considerable time. 

The bodies of persons killed by lightning become putrid in 
a very short time, of which that of Kichman was an example; 
and by electrifying dead animal substances, the same effect is 
hastened. As flesh-meat, in temperate climates and weather, 
is kept a few days before it is prepared for the table, in order 
that It may become what is called tender;" and as this ** ten¬ 
derness" is nothing else than a state of incipient dissolution 
or putrefisetion, it has been proposed to render flesh-meat just 
killed fit for the table by electrifying it, by which means this 
state of tenderness is superinduced almost immediately. Ex¬ 
perienced housekeepers are well aware of the effects produced 
in their larder, as well as the spoiling of their liquors, during 
the weather which accompanies thunder and lightning. 
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Of Medical Electricity. 

The ancients have transmitted to us their belief, that the 
shocks given by the torpedo had the power of curing many 
disorders incident to mankind. 'While the existence of a hsn 
which could give a shock was doubted, it cannot be surprising 
that its medical influence should be considered as ridiculous. 
Hot when the existence of the fish, and the identity of its 
power with that of electricity, became evident, it was admitted 
that the ancients spoke from justiflabie data. 

In the infancy of electricity, that is, about the commence- 
ment of the seventeenth century, accounts were multiplied of 
cures next to miraculous performed by means of this newly- 
discovered power; but upon closer investigation it appeared, 
that most of these either had no existence, or were exaggerated 
by weak or interested men, and that mischief rather than be¬ 
nefit had occasionally been produced. The error of the early 
electricians consisted in giving strong shocks, which experi¬ 
ence has shewn to be nearly in all cases improper. “ One 
thing, however,” says C’avallo, “ appears to be a little remark¬ 
able, in favour of electricity as a medicine, that though it has 
often fallen into the hands of very unskilful and injudicious 
persons, who have applied it at random in all cases, without 
oeing capable of distinguishing either the nature of the dis¬ 
order, or the degree in which it ought to be administered, yet 
it has seldom been known to be attended with any bad effects; 
the patient has generally been .relieved, and very frequently 
cured, but the ill consequences have been even moremre than 
those of inoculation. Electricity differs from other medical 
applications in this, that it requires not so much a thorough 
knowledge of the distemper, as a peculiar nicety in conduct¬ 
ing the operation. For, however paradoxical this may appear, 
it is certain that the electric shock is by no means prdudicial 
to persons in health, and therefore to electrify a sound part of 
the body along with a diseased one, can do no harm. The 
degree of electrization must be regulated rather by the pati¬ 
ent's feelings, than by the species of disease, and therefore 
nosology is not an indispensably necessary branch of science 
to the medical electrician. There can be no doubt, however, 
that medical electricity will have every chance of being best 
applied, as well as improved, by skilful physicians, or sur¬ 
geons, whose knowledge of anatomy as well as of nosology, 
will enable them to direct the electrical fluid to the most pro¬ 
per part of the body, and to pass it through the most minute 
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vessels, according to the nature of the diaease, md the part of 
the body adected.” 

Insensible perspiration ia one of the most important funo 
tions of the animal frame; and as it ia promoted by eiectri* 
city, it may fairly be inferred that electricity promisea to ren¬ 
der signal service in cases whiob will yield to no other power. 
The power of electricity, also, over the blood, ia evinced by 
the fact of its increasing the force of its circulation. Thus on 
insulating and electrifying persons who have been bled in tbe 
arm, the blood has sprung up to a greater distance than be¬ 
fore. The tame treatment will cause a fresh wound to bleed 
anew. Hence it ia probable that electricity may enable the 
pblebotojnist to obtain a due quantity of blood, when the state 
of tile body would otherwise render it impossible. 

The medical application of electricity, requires but few in¬ 
struments in addition to the common electrical machine; an 
electric jar, united with Lane’s discharging electrometer; an 
insulating stool, of such a size that an ordinary chair may be 
set on it fur the patient to ait in, and a pair of simple instruments 
called directors, are all that are necessary* 

Lane's discharging electrometer, as used in conjunction 
with tlie electric jar, is represented at fig. 11, pi. l(l. The 
surface of the jar LM should not contain less surface than one 
of four inches in diameter, and six inches high ; if exactly 
this size, and coated to within two inches of the top, it will 
contain about sixty-three square inches of coated surface. 
Upon the wire g, which, as usual, de.scends into and touches 
tbe inside coating of the jar, is fasttuiud a ball m, from which 
proceeds the glass arm ii, of the electrometer » o q. Upon the 
glass arm is cemented a piece of brass r. containing a spring 
socket, in which the wire o q slides backwards and forwards. 
The wire terminates at o in a ring, and at q in a knob or bail, 
and of course, from its sliding motion, can at pleasure be set 
nearer to or further from the knob g ; it is, however, not ne¬ 
cessary that the range of the knob q should be more than half 
an inch. Sometimes the wire o 9 is graduated, in order that 
the knob q may be set with more readiness and precision at a 
certain given distance from the knob of the jar. The conve¬ 
nience of this apparatus oonaiats in its affording tbe means of 
obtaining any number of ahocks that may be required of tbe 
aarat intensity, and ibis intensity will be greater or less in 
fVoportion to tbe distance between tbe ballsy and g ; because 
the greater this distance is, the more the electricity in the jar 
noitiai be accumulated, before it will escape from the- knob of 
tbe jar tb the knob of the electrometer. From the ring o, 
must proceed a wire or chain to the outside coaling of the jar, 
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and as the arm n is of glass, and generally covered with seal¬ 
ing-wax to render it less liable to become a conductor, by 
attracting moisture, the jar can only be discharged by the 
sparks which pass through the space between the knobs g and 
y, and thence through the chain P to the outside coating. 
When the shocks are to be given by means of this apparatus, 
to any particular part of the body, for instance to the arm, the 
chain P mutt be taken away, and a slender wire, T, applied 
to the ring of the electrometer, while another wire, X, is 
hooked to the stand H of the jar, or in any other way con¬ 
nected with its outside coating. The other extremities of the 
wires must be fastened to the wires of the instruments YZ, 
which are called directon. The handles of these directors are 
made of glass or any good non-conductor; to which is ce¬ 
mented by a brass cup, the wires a a, terminating in knobs. 
When the knob of the jar is in contact with the prime con¬ 
ductor, and an assistant is turning the machine, it is obvious 
that the charge of the jar, when it is high enough to pass from 
g to y, will now pass from the knob of that director, connected 
by the wire T with the electrometer, to the knob of the other 
connected with the outside of the jar, provided these knobs 
be held suflicienlly near; and if the knobs be connected by 
any conducting insulated substance, the discharge will be 
made between them, whatever their distance. Suppose then, 
any pait of tlic human bodv is to be electrified ; for example, 
the arm. as shewn in the figure, let the person be insulated by 
placin'; hnn.s«‘lf upon the stool fur that purpose, either stand¬ 
ing upon It, or sitting in a chair, as may be agreeable, and let 
the balls of the directors be placed at the extremities of the 
part through which the shock is to pass, by which means that 
part will be electrified while the machine continues to be 
wrought. If the strength of the shock is found to give unea¬ 
siness, It may be moderated by lessening the distance between 
the knobs y and g. The shock may be converted into a stream 
of electricity by unscrewing the knobs from the wires of the 
directors, which then leave points exposed like the discharging 
rod. When shocks are administered, it is not absolutely ne¬ 
cessary to use an insulating stool. 

In the medical application of electricity, it is of importance 
to begin gently, and to persevere for some time. At first the 
electric Huid should be drawn by a metallic point, the person 
being insulated and connected with the prime conductor, and 
the metallic point communicating with the earth. If, after 
some days’ trial, no abatement of the disorder ensues, and the 
electrification has not the favourable effect even of imparting 
an agreeable warmth, the electric fluid may be drawn by means 
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of a wooden point; next to a wooden point art sparka, and 
after these low shocks. The electrification, whether in using 
the directors or oUierwise, mav be made through the olothes. 
unless they be very thick, in administering small shocks 
through thick clothing, it will be proper to pass metd^iopoints 
through the clothes, so as to be in contact with the skin. 

in disorders of an infiammatory nature, electricity, at it is 
a stimulant, should not be resorted to, unless at the edm- 
mencement of those of a slight and local nature, as of a ca¬ 
tarrh. inflammation of the eyes, and swellings where suppura¬ 
tion has not actually commenced. In chronic rheumatism, 
and chronic complaints in general, electricity may always be 
applied with safety, and even if it should not eft’ect a cure, it 
seldom fails to afibrd relief. The lootb-ach, when of rheu¬ 
matic origin, and unattended with caries, seldom fails to yield 
to this application. Dr. Samuel Perry, of New Bedford, 
America, successfully applied electricity in two instances ct 
locked-jaw ; after bleeding, calhartics. antispasroodici, the 
warm bath, and opium applied internally and externally, had 
totally failed. In one case the complaint w'as entirely re¬ 
moved by three shocks, in the other by an occasional shock 
for a few days. 

There is one method of applying electricity, the value of 
which has not been ascertained ; it is that of eleclrilymg a 
bath, whether of warm or cold water. This may be accom¬ 
plished by lining the bath with non-conducting substances. 


Abstract of Electricity. 

1. Electricity is supposed to be a fluid, which repels its own 
particles, but attracU all other matter. 

2. That portion of electricity, which every body is supposed 
to contain, is called its natural share. 

3. When a body is possessed of either more or less than its 
natural share, it is said to be electrified or charged. 

4. If it poisess more than its natural share, it is said to be 

fiosi^/y eWtrifled ; if it contain less than its natural share, 
it w said to be negatively electrified. ‘ 

Bodies through which the electric fluid passes freely, are 
edled conductors, or non-electrics. Those bodies which oppose 
the ]»ssage of electricity, are called non-conductors, or electnes 
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6 Glass and some other bodies, which are non-conductors 
at common temperatures, become conductors when very 
hot. 

7. The equilibrium of the electric fluid is disturbed by the 
friction of bodies against each other, and electricity is then 
said to be produced or excited. 

8. Electricity is excited in the greatest quantity by the fric¬ 
tion of conductors and non-conductors against each other. 

9. The same substance, excited by a diflerent rubber, will 
alternately be electrifled positively and negatively. 

10. Two bodies, both positimlif, or both uegaoWy electrifled, 
repel each other; whereas, if one body be positive, And the 
other negative, they will attract each other. 

11. ifpon this principle are constructed electrometers, or 
instruments for ascertaining whether bodies are electrified or 
not. 

12. If a body containing only its natural share of electri¬ 
city, be presented sufliciently near to a body electrified posi- 
tivelif or negatively, a quantity of electricity will force itself 
through the air, from the latter to the former, appearing in 
the form of a spark. 

13. When two bodies approach each other sufficiently near, 
one of which is electrified positively and the other negatively, 
the superabundant electricity rushes violently from one to the 
other, 10 restore the equilibrium between them. This effect 
also takes place, if the two bodies beconnected by a conduct¬ 
ing substance. 

14. If an animal be placed so as to form part of this circuit, 
the electricity, in passing through it, produces a sudden effect 
upon it, which is called the electric shock. 

15. The motion of electricity, in passing from a positive to a 
negative body, is so rapid, that it appears to be instantaneous. 

1(). When any part of a piece of glass or other electric is 
presented to a body electrified positively or negatively, that 
part becomes possessed of the contrary electricity to the side of 
the body it is presented to ; and the other side of the glass 
is possessed of the same kind of electricity as the other 
body. 

17. The electricity communicated to glass and other perfect 
electrics, does not spread, but is confined to the part where it is 
communicated, on account of the non conducting quality of 
the glass. 

18. To effect the communication, and to enable it to be ap¬ 
plied to the whole surface, the glass is covered on both sides 
with tin-foil, or some other conductor, in which case the glass, 
is said to be coated. 
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19. If R communication by means of a conductor, be made 
between the two sides of a glass thus coated and cluxrged with 
electricity, a discharge takes place, by which the two tides re¬ 
cover their natural state. 

20. The coated glass may either be 0at or in any other 
form; but cylindrical jars are found to be the most conveni¬ 
ent form, 'the Leyden phial is nothing more than a glass of 
this description. 

21. When several jars or phials are connected together so 
as to be charged and discharged simultaneously, they consti¬ 
tute an electrical baitertf. 

22. Electricity is capable of producing the most powerful 
effects—melting the metals, and firing all inflammable sub¬ 
stances. 

23. The machines by which electricity is artificially accu 
mulated, for the purpose of charging jars or batteries, are con¬ 
structed with either a ciflvider or ^ale of glass, which is whirled 
round in contact with a body culled a rubber, and the electri¬ 
city is taken off as it is produced, by a non-electric culled the 
prime conductor. 

24. Cylinder machines are the most easily construct¬ 
ed ; but plate machines are the most compact and cle- 
gant, 

25. Several bodies become transparent during the passage 
of electricity through them ; a cireumstunce which lias piv<n 
rise to the conjecture that electricity may be the cause of all 
transparency. 

26. Metallic points attract the electricity from bodies, and 
discharge them silently. This property has rendered them 
useful in defending from lightning. 

27. When electricity enters a point, it appears in the form 
of a star: when it mars from a point, it puts on the appear¬ 
ance of a brush or pencil, 

28. Machines may be put in motion by the electric fluid 
which issues from a point. 

29. The shock of an electrical battery, will communicate 
magnetism to steel bars lying in or near the magnetic meri¬ 
dian ; and a magnetic bar may have its poles reversed, or its 
magnetic properties destroyed, by imparting the shock while 
it is in different positions. 

30. Electricity is evolved in the heating and cooling of 
various bodies; also in the evaporation and condensation 

of vapour. 

31. Vapour requires for its natural share, a greater 
ipiatitity of electricity than the water from which it was 
produced 
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32. When a quantity of vapour is any degree condensed, it 
has, therefore, electricity to give out, that is, it is in the posi¬ 
tive state; when a quantity of vapour is further expanded, it 
requires for its natural share more electricity than before, that 

is, it is in the negative state. 

33. By the ascent of vapour, immense quantities of electri¬ 
city are carried from its reservoir the earth, and by the un¬ 
ceasing alternations of rarefaction and condensation, the at¬ 
mosphere is always more or less in an electrical state. 

34. Lighinitt^ is a vast accumulation of electricity. 

36. Thunder is the noise produced by the solid particles of 
air rushing together, after having been separated by lightning, 
the rapidity of the motion of which is such as to produce a 
vacuum as it proceeds. 

36*. In the eruptions from volcanoes, lightning is almost 
always present; and earthquakes are generally accompanied 
by a disordered state of the atmosphere, often with great thun¬ 
der-storms. Hence electricity is supposed to be intimately 
connected with these phenomena. 

37. In the healing art, electricity appears capable of pro¬ 
ducing in many cases, the most excellent effects : in applying 

it, the general rule is to begin gently, and to continue 
(he application, at periodical intervals, for a considerable 
time. 
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The electricity evolved by the mere contect of conducfini;; 
■ubstaiicee, ie calletl guhmtism: a name given to thi» 
branch of science in compliment to Galvani, a celebrated 
physiologist of Bologna, in Italy, whose investigations first 
(brected die attention of the public to the phenomena it com¬ 
prehends. 

While Professor Galvani was employed in the dissection of 
some small animals, his wife observed that a dead frog, lying 
near the prime conductor of a common electrical machine, was 
much agitated when one of his assistants happened to bring 
the point of a scalpel near its crural nerves ; Galvani, on being 
apprised of the circumstance, endeavoured to obtain a repeti¬ 
tion of the effect, and found that the convulsions of the animal 
could be produced at pleasure, by drawing a spark from the 
prime conductor, at the time the scalpel was in contact with 
the nerve. 

The novelty of the fact which Galvani had thus been led to 
observe, stimulated him to pursue with ardour the track winch 
had been opened to his view, iiis experiments were acconl- 
ingly numerous, and he developed nraiiy interesting tacts, 
which he communicated to the public in a work published in 
1791. He found that a prepared frog, that is, the hind legs 
of a frog with its crural nerves laid bare, constituted an elec¬ 
trometer of exquisite delicacy, being agitated by degrees of 
electricity far too minute to afl’ect the best inorganic electro¬ 
meter. An entire frog did not evihee the same susceptibility, 
because its course was more extended. Electricity drawn 
from the atmosphere in the ordinary manner by means of a 
kite, produced the same effecta on animals, according to its 
intensity, as that of the machine. 

Accident again assisted Galvani in his researches: having 
saspended some frogs from the iron palisades which sur¬ 
rounded bis garden, by means of metallic books fixed in thb 
spines of their backs, he observed that their muscles contracted 
frequently and involuntarily, as in the cases above-menitoned 
from electricity. He at first thought that these effects might 
be dependent on a particular state of the atmosphere; but 
this conjecture was refuted by the discovery, that the same 
movements could be produced at any time, by touching the 
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4)nimala with two different metals, which at the same time 
touched one another either immediately or by the interrention 
of some other substance capable of conducting electricity. 
The contractions were stronger when a metallic coating, such 
as tin«foil, was applied to the nerve. 

Galvani supposed that the convulsions he had observed were 
produced by a disturbance of the electricity inherent in ani¬ 
mals, which was identical with the nervous fluid, and that the 
metallic substances employed had not any other effect than 
that of transmitting the electricity from the muscles to the 
nerves, or from the nerves to the muscles, which produced the 
contractions. This hypothesis was opposed by Volta, who 
found that he could excite contractions in the limbs of ani¬ 
mals, when the conducting circuit only touched two parts of 
the nerve, two muscles, or two parts of the same muscle, pro¬ 
vided two different metals were used. To explain the phe¬ 
nomena, he had recourse to the experiments of Bennet. who 
had some time before observed, that when plates of different 
metals were brought into contact, one of them transmitted a 
portion of its electricity to the other, and when separated they 
evinced signs of opposite states of electricity. When the 
plates, for instance, were one of copper and the other of zinc; 
the former, while the two were in contact, gave a portion of 
its electricity to the latter. Hence, when they were separated, 
and examined by the electrometer, the copper exhibited signs 
of negative electricity, and the zinc those of positive. Volta 
therefore concluded, that the electricity evolved in the expe- 
nments in question, arose from the contact of the different 
metals, and the convulsions of the animals operated upon, 
were merely the consequences of the stimulus applied to their 
nerves and muscles, which were thus evinced to be most deli¬ 
cate electrometers. 

The first stage or epoch im the history of galvanism, must 
be considered that in which it was observed that excited elec¬ 
tricity produced muscular contractions in dead animals; the 
second, is that in which it was obsta'ved that different metal¬ 
lic bodies, by mere contact, produced the same kind of con¬ 
tractions ; the third, and most remarkable one, commences 
with Volta’s admirable discovery of the means of accumu¬ 
lating the galvanic influence. This invention, which justly 
confers so much celebrity on its author, is, in galvanism, ana¬ 
logous to that of the Leyden phial in common electricity, and 
became* like the phial, the precursor of the most brilliant dis¬ 
coveries j. and pbilosophere can as yet form but a very imper¬ 
fect judgment of the importance of the consequences to which 
it will lead. It is called the Voltaic pile, and consists in 
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combining the effects of « number of plates of different metaU, 
by which means a galvanic battery, capable of gif itig a shock, 
is constituted. As silver and tine had been found, when a 
single piece of each was employed, to have the gfoatest effect 
in producing muscular contractions, these metals were se¬ 
lected by Volta for bis battery. Themilver plates generally 
consisted of coii>B, and the plates of zinc were of ^e same 
size. The like size and number of pieces of cloth, pasteboard, 
or leather, steeped in a solution of common siUt, were also 
provided. These substances were piled upon each other in the 
following order : first zinc, then silver, then wet cloth ; then 
again zinc, silver, wet cloth ; till, by this regular alternation, 
the pile became sufficiently high, if the height of tlie pile 
was considerable, it was usu^ly supported by three pillars 
of glass or varnished wood. The pile thus formed, was 
foni^ to unite the effects of as many pairs of plates as it con¬ 
tained. A pile of 60 pairs of plates, witli as many cone- 
sponding pieces of wet cloth, was found to give a pretty smart 
shock, similar to an electric shock, every time that a ctMuoiu- 
nication was made between the top and bottom of the pile. 
It was found, however, that little or no shock was perceived, 
when the hands, or other parts applied, were not previously 
moistened. It was also observed, that the effects were in¬ 
creased when a larger surface was exposed to the action of the 
pile, if the communication were made by touching the pile 
with the tip of each finger merely, the effect was not perceived 
beyond the joint of the knuckle ; but if a spoon, or other me¬ 
tallic substance, were grasped in moistened hands, the effect 
was felt up to the shoulder. If the communication be formed, 
between any part of the face, particularly near the eyes, and 
another part of the body, a vivid flash of bgbi, corresponding 
with the shock, is perceived. This phenomenon may be nu^re 
faintly observed, by placing a piece of silver, as a shilling, 
between the upper lip and the gum, and laying a piece of zinc 
at the same time upon tbe tongue; upon bringing the two 
metals into contact, a faint flash of light generally appears. 
It is singular, that this light is equally as vivid in the dark 
as in the strongest light, and whetiier the eyes be shut or 
open. 

The construction 6f the Voltaic pile is represented at fig. 1^ 
a piece of yrood, a, admits tbe three rods through three boles 
which it contains; its use is to press down the pile* and to 
keep tbe various surfaces in contact. The piece of cloth or 
cara should be ratW less than tbewliscs of metal, and tliough 
well noisteneci, they should not drip, but be gently squeezed 
before they are applied, in order that no liquid may ran down 
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the pile, <»* inBintiftte itself between the pieces of metal. The 
action of the pile nmy be percetted as l^g as the moisture of 
the cloth or pasteboard continues, but in a short time after it 
is oottstructed, it begins to diminish in strength. 

Volta contrived another variety of the galvanic battery. The 
pairs of plates were soldered to each end of a bit of wire, which 
was aftemards bent into an arch, so that the plates became 

f iaraliel to each other. Glass cups were then filled with a so- 
ution of common salt, and ranged side by side ; the metallic 
arcs were so placed, that the silver plate was immersed in one 
glass, and the zinc in another, and each glass, except the ex¬ 
treme ones, contained one plate of each metal. This appara¬ 
tus is represented st fig. 2. Its eiTects are similar to those of 
the pile, when the circuit is completed by a communication 
between the liquid of the first and last glass. 

The Voltaic pile, as well as the battery last described, are 
now but little used, having been superseded by batteries of 
more convenient form, particularly when a great accumula¬ 
tion of galvanism is required. In using the pile, for exam¬ 
ple, it is tedious, after the cloth has become dry, to take the 
whole of the pile in pieces to moisten it, and the battery 
with glasses is deficient in compactness. Cruickshank, of 
Woolwich, therefore invented a battery commonly called, 
from its form, the galvanic trough. It is represented at fig. 
3. It consists of a trough of baked wood, about three inches 
deep,* and three inches broad. The two sides, a b, of this 
vessel, contain a number of perpendicular grooves, opposite 
each other, and about three-eigntbs of an inch apart. Into 
each pair of these opposite grooves is put a plate of zinc and 
silver, or zinc and copper, soldered togetner at the edges. 
These double plates are fastened in the grooves by means of 
a cement composed of five parts of rosin, four of bees-wax, 
and two of powdered red ochre. All the cells between the 
plates most be perfectly water-tight, and care must therefore 
D6 taken to run in the cement so as to secure this point. It 
will be found convenient, and will facilitate the business of 
fixing the plates, if they be heated till they can only just be 
handled, and smeared at the edges with the cement before 
they are put in. Any communication between the cells would 
destroy the effect. 

The order of mfetals in a trough, most be the same as in the 
pile; that is. the different metals muiit be next each other, 
and supposing tine and copper to be used, if zinc be the out¬ 
ermost atone «wd» cnppev must be outermost at the other. 

The length of ^e trough is of course determined by the 
number of plates it is to contain, and the general rule is, not 
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to make the troughs heavier than one person can conveniently 
lift: 50 pairs of plates are a common number. 

The plates need only be soldered together at their upper 
edges, because the other edges are secured by the cement. 
At the soldered edge, the copper is doubled over the atnc, in 
a degree equal to the thickness of the latter, and solder is 
then applied with more ease, because a groove to contain it 
be left between the two metals. 

The plates should not be quite equal to the depth of the 
trough, for the convenience of hlling : as when they do not 
reach the top. by leaning the trough on one side, each cell 
will receive an equal quantity of fluid. 

When the plates are properly fixed, the kind of fluid with 
which they are to be filled must be considered ; water will 
answer only in a very slight degree ; it has been found that 
the effect of the trough is greatly increased by the use of 
liquids which are capable of oxidizing, or exerting a chemical 
action on at least one of the metals. Uie water is therefore 
acidulated, or some common salt or muriate of ammonia is 
dissolved in it. Having filled the cells, the uppermost edges 
of the plates must be dned with a towel, to prevent any com¬ 
munication that way. 

When a communication is made between the first and the 
last cell, the same effects take place as when a communication 
is formed between the top and bottom of Volta’s pile, only in 
degree proportioned to the difference of acting surface. 

In performing experiments, the communication between the 
extremities of a battery is usually completed by inserting a 
wire, as ef, fig. 3, at each end. and the extremities of these 
wires being brought nearly into contact, the galvanic action 
is exerted on any substance interposed between them, by 
which means very slender wires, or thin leaves of metals, or 
pieces of charcoal, may be deflagrated : the action of galvan¬ 
ism upon inflammable bodies is astonishingly power^l. and 
the exhibition of it upon metals is particularly interesting. 

The wires may be retained in their situation in the trough, 
by being fastened to a small weight put into the cell, or by 
attaching them to a hook below the surface of the fluid. Cop¬ 
per wire is most commonly used, but platina wire is still better. 
In order that the experimenter may direct both the wires at 
the same time, without being himself affected by the galvanic 
fluid, the wires are passed ifirougU short pieces of glass lube. 
m % and glass being a non-condoctor of galvaniam as of elecr 
tricity, he can take bold of these tubes with safety. 

The action of a battery is greatest when it is first filled with 
the fluid, and it declines in proportion as the action of the fluid 
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on the metal becomes weaker; till at length it becomes so 
small as to be inadequate to the purpose of experiment. To 
renew its original strength, therefore, it is necessary to pour 
off the fluid, and to clean the oxidated surface with a file or 
sand-paper, or by pouring weak muriatic acid into the cells* 
and a^erwards rubbing the metals with a cloth. 

When a great accumulation of ^Ivanism is wanted, it may 
be obtained by a combination of troughs, as represented at 
fig. 4. Pieces of copper, o 6 r, bent so as to dip into the ad¬ 
joining cells, connect the troughs together, and the wires con¬ 
nected with the ends AB, act on substances with the accumu¬ 
lated force of the whole number of troughs employed. In thus 
connecting batteries, care most be taken that the zinc end of one 
trough be opposed or next to the copper end of another. 

Copper is ncre and elsewhere almost always spoken of as 
the metal used along with zinc ; because, though silver is bet¬ 
ter, the difference is not great, and the value of silver is an 
obvious reason for the preference of copper. 

The latest improvement of the galvanic apparatus, consists 
in giving greater facility to its construction. This is accom¬ 
plished by the use of Wedgw'ood-ware or porcelain troughs, 
formed in the manufacture with compartments about half an 
inch broad, but about the same depth and length as the plates 
of ordinary troughs. Single plates of zinc and copper, are 
united by a metallic arch at the top, so that they are parallel 
to each other, and at such a distance that the two plates can 
be placed in two adjoining compartments. When tne battery 
is completed, each compartment is filled with fluid, and con¬ 
tains a plate of copper and a plate of zinc. This apparatus in 
fact combines the principle of the battery with glasses and 
that of the common troi^h. It has, from its convenience, 
been much used at the Koyal Institution. As both surfaces 
of the metals are exposed to the action of the fluid, plates of 
the same size as those of the common trough expose twice the 
surface to oxidation; the galvanic effect is not, however, du¬ 
plicated, although rather greater than with a single surface. 
The principal advantage consists in the facility with which the 
battery can be constructed, and the plates cleaned after hav¬ 
ing been ated : it also admits of another adjustment, which is 
occasionally convenient; the plates are sometimes all united 
by a bar along the top of them ; and they may then be raised 
or lowered by rack-work at pleasure, so that the charge can 
ba reduced in any required proportion, and again increased to 
its full quantity. 
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Genebal View of Galfanisk, 

It has been much conteBted, whelber galranisin and clectri> 
Mty are owing to the opefations of the same duid; but the 
Question appears to be now fully decided in the affirmative. 
A principal argument in favour of their being different, was, 
that galvanism decomposed water, an effect of which eiectri* 
city was not known to be capable. But Dr* Wollaston not 
only decomposed water by electricity, but produced by the 
same agent, a variety of other effects, which had been previ> 
ously considered as exclusively producible by galvanism. It 
appears, therefore, that the principal difference between elec¬ 
tricity and galvanism, consists in the mode of exciting, ac¬ 
cumulating, and applying the fluid. 

It will be proper to observe; that the conductors of galvan¬ 
ism are divided into two classes : the flrst class includes dry 
and good conductors, such as metals and charcoal; the second 
class includes water and other oxidizing fluids, and the sub¬ 
stances which contain these fluids. This second class might 
be subdivided into species; for substances not themselves good 
conductors, if merely containing or moistened with a fluid, are 
not equal in conducting power to the fluid itself. 

From the various researches of philosophers, the following 
results have been obtained: 

In common electricity, the fluid is excited by the rubbing of 
an electric or non-conductor, and without the electric no ef¬ 
fect of this sort can be produced: in galvanism, the fluid is 
excited by the conductor alone, without the intervention of 
electrics, being evolved by the chemical agency of the sub 
stances employed : for Sir H. Davy discovered, that the elec¬ 
tricity is produced by a chemical action of the different sub¬ 
stances on each other, that the effect is greater or less in pro¬ 
portion as this action is so, and that therefore two dissimilar 
metals are not essential to the evolution of galvanism. 

To produce the galvanic action, three different substances 
at least, which are conductors of electricity, must be placed 
in contact, so as to form a circuit from one to another; for no 
sensible effect is produced from two conductors, norfrom three 
when the communication between anjy two of them is broken by 
an electric: hence such a combination of three different con- 
ductoiB is called a simple galvanic circle. This circle may be 
vamnsly formed : thus if a liquid, as diluted muriatic acid, 
be put into the vessel AB, flg. 5, and two wires inserted through 
the cork at B, as the wire z of zinc, and the wire c of platina. 
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ailvei, or cppper, while Uie wires remain separated at the top, 
no action takes place on the wire c, but as soon as the circuit 
is completed by bringing the wires into contact at the top, the 
galvanic action is perceived by the evolution of gas from the 
wire c; separate the wires, and the effect ceases, connect them 
again, and it is renewed. Thus we see that the circuit must be 
completed, in order to occasion these striking phctiomeoa, as 
here the wire t communicates with the liquid, the liquid with 
the wire c, and the wire c again with the wire z, forming, as 
above stated, a simple galvanic circle. In like manner, if the 
tube AB, fig. 0, be filled with a liquid, and wires of different 
metals be inserted through the corks A and B, and these be 
made to communicate at CG, the circle will be formed, and 
the like appearances will ensue. These effects will likewise 
take place, if the wires, instead of being brought into contact, 
be connected by any good conductor, whicli has no particular 
chemical action on the others. When the circle is formed, as 
above, by two conductors of the first class, and one of the 
second, it is culled a galvanic circle of the first order ; but when 
two of the conductors are of the second class, and one of the 
first, ?i galvanic circle of the second order. Thus let one of 
the glass vessels, AI3, fig. 7, be filled with diluted nitrous 
acid, and the other with water, and connected by the copper 
wire a a simple galvanic combination is formed of the second 
order. If one exiieiniiy of a prepared animal be placed in one 
of the vessels, when the other extxemity is brought into con¬ 
tact with the liquid of the other vessel, convulsions will take 
place. The combiiiulion will be more powerful, if a solution 
of sulphuret of potash be put in the glass vessel BD, fig 8. 
and a silver cup, or salt-cellur A, nearly filled with diluted 
nitrous acid, be placed within it, the communication between 
the liquids being formed by the prepared animal, the convul¬ 
sions are strongly excited by the galvanic influence. If. the 
three conductors be all of the first class, or all of the second, 
then the effect is seldom sensible. In this case, such con¬ 
ductors of the second class as differ more from each other, are 
more likely to produce a sensible effect than those of the first 
class. But a proper, active, simple combination, must consist 
of three different bodies, viz. of one conductor of one class, 
and two different conductors of the other class. Thus (de¬ 
noting the bodies of the first class by means of large capital 
letters; and those of the second class by small letters) the 
combinations of figs. 9 and 10 are active; but those of fig^. 
11, 12, 13, 14, 15, are not active; because that of figs. 11, 12, 
or 13, consists of two bodies only, and that of fig. 14, and 15, 
consists of three bodies, of which two are of the sam: son, 
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and oi course act as a single body. In a single active galvanic 
combination, or. as it is commonly called, in a simple galvanic 
circle, the two bodies of one class must touch each other in 
one or more points, at the same time that they are connected 
together at other points by the body of the other class. Thus 
when a prepared frog is convulsed by the contact of the same 
piece of metal in two diH'erent places; then the fluids of those 
parts, which must be somewhat ditl'erent from each other, are 
the two conductors of the second class, and the metal is the 
third bodv, or the conductor of the first class. If two metals 
are used, then the fluids of the prepared animal, differing but 
little from each other, may be considered as one body of the 
second class. Thus also, when a person drinks out of a pew¬ 
ter mug, the saliva or moisture of his under lip is one fluid or 
one conductor of the second class, the liquor in the mug is 
the other, and the metal is the third body, or conductor of the 
first class. 

It seems to be indispensably requisite, that in a simple 
galvanic circle, the conductor or conductors of one class 
should have some clicmical action upon the other cotuluclor 
or conductors; without which circuiqstance the combination 
of three bodies will have either no galvanic action at all, or a 
very slight one. Farther, the galvanic action is evidently pro¬ 
portionate to the degree of chemical agency ; which seems to 
shew that such chemical action is the primary cause of the 
electric phenomena. The most active circles of the tiist 
order, are two solids of different degrees of oxidahility, and a 
fluid capable of oxidating at least one of the solids. Ihus 
gold, silver, and water, do not form an active galvanic circle; 
but the circle will become active, if a little uilxic acid, or any 
fluid decomposable by silver, is mixed vvitli the water. A 
combination of zinc, silver, and water, forms an active galvanic 
circle, and the water is found to oxidate the zinc, provided 
the water holds some atmospherical air, and especially if it 
contains oxygen gas. But zinc, silver, and water cqritaining 
a little nitric acid, form/a more powerful galvanic circle, the 
fluid being capable of acting both upon the zinc and upon the 
silver. The most powerful galvanic combinations of the 
second order, are when two conductors of the second class 
have different chemical actions on the conductors of the first 
class, at the same lime that they have an action on each other. 
Thus copper, or silver, or lead, with a solution of an alkaline 
salphvret, and diluted nitrous acid, forms a very active gal- 
ranic circle. 
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After Volta had discovered the pile, it became an interest¬ 
ing object of inquiry to ascertain, with as much minuteness 
as possible, the combinations of substances which produced 
the greatest effect. A vast number of experiments were 
tried with this view by different persons, and at the Royal 
Institution, by which the following results have been ob¬ 
tained : 


Galvanic Circles of the First Order, viz. which consist of two 
Conductors of the First Class and one of the Second. 

Zinc with gold, or charcoal, or silver, or copper, or tin, 
or iron, or mercury; and water containing a small quantity of 
anv of the mineral acids. 

Iron, with gold or charcoal, or silver, or copper, or tin, and 
a weak solution of any of the mineral acids, as above. 

Tin, with gold, or silver, or charcoal, and a weak solution 
of any of the mineral acids as above. 

Lead, with gold, or silver, and a weak acid solution, as 
above. 

Any of the above metallic combinations and common water, 
viz. water containing atmospherical air, or especially water 
containing ovygeii air. 

Copper, with gold or silver, and a solution of nitrate of sil¬ 
ver and mercury; or the nitric acid ; or the acetous acid. 

Silver, with gold, and the nitric acid. 


Galvanic Circles of the Second Order, viz. which consist of one 
Conductor of the First Class, and two of the Second. 

Charcoal, or 
Copper, or 
Silver, or 
I.ead, or 
Tin, or 
Iron, or 
Zinc 

The history of philosophy affords many examples of obser¬ 
vations which have remained isolated and useless for ages, and 
which, though often denied or discredited, have by the pro¬ 
gress of discovery grown into importance, and become parts 


with water, or with a 
solution of any hydro¬ 
genated alkaline sul- 
phuret, capalile of act¬ 
ing on the first three 
metals only; 


and diluted nitrous 
acid, or oxygenated 
muriatic acid, &c. ca¬ 
pable of acting upon 
all the metals. 
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of a beautiful system; contributing at the same time esseuti- 
uliy to the early maturity of aome departments of knowledge. 
Hence those who have accurately detailed a single new phe- 
nomenon, which appeared to have no connection with any 
thing useful, or any thing known, have in fact oUen been per- 
forming a work which should give celebrity to their names, by 
the direction it has given to inquiry, and the light it has 
thrown.on subsequent researches. 

In galvanism, several instances of the kind alluded tu have 
occurred, and some of them it may be curious to mention. 

A long time prior to the establishment of galvanism as a 
science, it had been observed, that if two different metals were 
placed in contact under water, they were subject to a rapid 
oxidation, though the water had no perceptible action upon 
them when they were alone. 

It had also been observed, that ancient inscriptions, made 
of mixed metals, were totally defaced ; while those made of 
pure metals were in excellent preservation. 

When metals have been soldered by means of other metals, 
they were found to tarnish about the places where they were 
joined; and the copper sheathing of ships, when fastened by 
means of iron nails, soon corrodes about the place where the 
different metals touch each other. 

It had been generally affirmed, that porter drunk out of 
a pewter vessel, has a taste different from tiiut drunk out of 
glass or earthenware. 

It is now evident, that in all these cases, the metals produce 
these effects, by their galvanic action on each other. 

The zinc end of a battery is considered to be })lus or posi¬ 
tive; the silver end, (or copper end, when copper is used with 
the zinc,) is considered to be minus or negative. 

The effect of the galvanic battery i-s much greater in oxy¬ 
gen than in atovospheric air, and it ceases entirely in azote or 
hydrogen. 

Galvanic batteries, containing an equal quantity or simj- 
lar metallic surface, have different t;flecis, ii the size of the 
plates be different. The greater the mimber of the plates, 
the stronger is the shock which thty will give; on the con¬ 
trary, the larger the plates, the greater is their power of 
deflagration; the extent of surface being in each case sup¬ 
posed to be the same. Fourcroy. who made this remark¬ 
able discovery, found that six large zinc and silver plates, 
which only gave a slight shock, consumed wire rapidly. 

Bertholiet found that silver which liad been used in gal¬ 
vanic experiments became brittle. 

A double quanlily of galvanism only consumes a double 
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length of wire; but with a double qasuntity of electricity, the 
length of wire consumed is as the square. 

Difierent animals are susceptible of gaWanism in very dif¬ 
ferent degrees. In cold-blooded animals, this susceptibility 
sometimes continues for several days after death; in the more 
perfect animals, as man, it continues only for a few hours, 
and sometimes ceases in a few minutes. A (ish, with the or¬ 
ganization of its head completely destroyed by bruises, pre¬ 
serves its irritability longer than if it had not been thus 
treated. 

Frogs have been found the most convenient subjects for 
galvanic operations. Galvani prepared these animals by 
skinning their legs when recently dead, (they are usually 
killed by decapitation,) and leaving the legs attached to a 
small pait of the spine, but separated from the rest of the 
body. Any other limb may be prepared in a similar manner, 
viz. the limb is deprived of its mteguments, and the nerve 
which belongs to it is partly laid bare. The strongest contrac¬ 
tions are produced when the galvanic electricity is caused to 
pass through the nerve to the muscles. Frogs which have 
been galvanized, very quickly become putrid. 

Perhaps most of tliose who try galvanic experiments merely 
fur the purpo.se of aniuhement, would chuse to dispense with 
the opt:rations of decapitating and skinning frogs. It may 
therelore be observed, that an ample proof of the power of 
galvanism over the dead uniinal muscle, may be obtained by 
galvanizing any animal killed for domestic use. It will only 
be necessary to point the wires from the battery, and to pene¬ 
trate the skin with them, at the two parts between which a 
communication is intended to be made. 

Only those animals can be convulsed by galvanism which 
possess distinct limbs and muscles; yet reptiles may be shewn 
to be uH'ected by it: thus if a leech or a worm be laid upon a 
plate of zinc, and surrounded at a little distance by pieces of 
silver, for example half-crowns; every time the animal touches 
one of the pieces of silver, it will be observed to draw itself 
back. 

The medical uses of galvanism cannot yet be fully estimated. 
In some cases it has proved beneficial; in others it has had no 
effect whatever; antfin others an unfavourable effect has bees 
attributed to it. The cases in which it is in general most eligi¬ 
ble to try it, are those for which common electricity is proper 
and has failed. In instances of numbness, palsy,•and suffo¬ 
cation, it has proved highly advantageous. 

Various hypotheses nave been ottered to account for the 
phenomena of galvanism; but that which appears to be the 
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most comprehens'iTe, considers them as of an electrical nature. 
During the combination of a metal, and perhaps of other sub¬ 
stances with oxygen, a quantity of electricity, it is supposed, 
is liberated or generated. In proof of the similarity of elec¬ 
tricity and galvanism, Dr. Wollaston observes, that both ap¬ 
pear to depend upon oxidation; for an amalgam not liable to 
oxidation, as of gold and platina, will not excite an electrical 
machine, and the effect of any amalgam is in proportion to 
the ease with which it is oxidated. 

To account for the difference in the effects between galva¬ 
nism and electricity, it is asserted, and seems to be a well 
established fact, that galvanism is electricity in a state of little 
condensation. In proof of this, it is found that a common 
electrical jar or battery may be charged by means of a gal¬ 
vanic battery, one wiie from which, for this purpose, must 
communicate with the inside, and the other with the outside 
coating of the jar: the charge is given in a moment, but it is 
low, and such only as the jar would receive from a few turns 
of the ordinary electrical machine. Hence it is not difficult 
to explain why the galvanic shock should be greatest from a 
numerous series of plates, while the largeness of the plates is 
most essential to deflagration; for the force of the electric 
shock depends upon tlie inieitsitj/ of the electric fluid, while 
the combustion depends very much upon its quantity. If 
then six large pair of plates, and six hundred small oius. 
contain the same surface, and produce equal quantities ol 
the electric or galvanic fluid; yet, as in the latter series, 
the product is confined to narrow limits, and acquires pro¬ 
bably a fresh impulse from every addition to its quantity 
in passing from plate to plate through its lengthened course, 
it arrives at the extremity of the apparatus in a state of 
much greater intensity than when only few plates are em¬ 
ployed. 

The electricity of the torpedo and gymnotus electricus, has 
a considerable resemblance to galvanism; it gives a consider¬ 
able shock, but has little power of any other sort; and might 
be well imitated by a vast number of minute plates, put is 
action by a fluid feeble in its power of oxidation. 

. The wire from the zinc end of a battery, if made of any 
oxtdable metal, is oxidated; but if made of gold or platina, 
which will not oxidate, pure oxygen passes from it. The other 
wire affords hydrogen, and the proportions in which these 
gases are ftven out, are such as are requisite to form water; 
they are therefore, it is inferred, furnished by the decompo¬ 
sition of water. To account for the decomposition of water, 
it is conjectured, that the electric fluid has a strong 
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attraction for hydrogen, insomuch that it cannot pass through 
water without combining with a portion of-this gas, in con¬ 
sequence of which affinity, tlie oxygen, which, with the hydro¬ 
gen absorbed, forms part of the water, is necessarily set at 
liberty. It would exceed our limits, to enter with minuteness 
into the consideration of this subject; but we may refer to 
Nicholson's Journal, vol. 3, 8vo series, for Dr. Bostock’s in¬ 
genious explanation of galvanic phenomena on electrical prin¬ 
ciples. The Doctor particfilarly remarks, that in the galvanic 
apparatus, the electric fluid is generated, and therefore its 
efl'ects are much increased by in«ulation. Insulation, how¬ 
ever, almost entirely suspends the action of an electrical 
machine; which therefore only transfers the electricity from 
one body to another. 

We shall make but one remark more: the galvanic investiga¬ 
tions of Sir H. Davy tend to establish an opinion that all 
substances which have a chemical action on each other, are 
in opposite electrical states, and that this difference of state is 
the cause of such chemical action. Evidence is, however, yet 
wanting, to confirm this beautiful hypothesis, and consequently 
It would be useless to shew how it ought to modify chemical, 
galvanic, and electrical theories. 


(jAi.vAMc Experiments. 

1. The most striking and the most common experiments 
are those which consist in the exhibition of the efl’ects of the 
galvanic energy upon tlie organs of animals. If two metallic 
rods, or, what is equally convenient, two silver spoons be 
grasped one in each iiand, the skin of the part being moistened 
with a solution of salt, and one of the spoons be brought in 
contact with one end of the battery the moment the other 
comes in contact with the other end of the battery, the shock 
is perceived. Eiltv compound plates will give a shock which 
will be felt in the elbows. The shock from a hundred plates 
will be felt in the shoulders. A greater number of plates give 
so forcible a shock to the muscles as to be dreaded a second 
time. If the plates be from eight to twelve inches square, 
the effect will be continued until the acid in the cells is 
expended. 

Several persons may receive the shock together, by joining 
hands, in the same manner as in receiving the slifck from a 
Leyden phial. Their hands should be w'ell moistened; but 
the strength of the shock diminishes as it proceeds, in conse¬ 
quence 0? which the last person feels it much less violently 
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tbftD the first. It is remarkable, that aome {>erw>ttt art imint 
ceptible of the galvanic iniluence, so that if they form part 
of the galvanic circuit, the experiment will not aiicceed until 
they are removed. After receiving the galvanic ahoek, a alight 
nuinbnem of the part that has been exoosed to it rematna for 
some time. 

2. The galvanic shock may also be conveniently given, by 
immersing the hands or the feet into vessels contstning a 
solution of salt, and bringing wires from each end of the 
battery into the liquid. If any other part of the body, is in¬ 
tended to be operated upon, a sponge, moistened with salt¬ 
water and fastened to a metal plate connected with one end of 
the battery, may be applied to the part, and the hand or foot 
put into a vessel of the same liquid, connected by a wire with 
the other end of the battery. i>mall bits of sponge, or bits of 
leather, may be fastened to the end of the connecting wires, 
and made more or less moist as the delicacy of the part may 
require. 

3. The decomposition of water by galvanism is easily 
effected. The most simple mode of performing this experi¬ 
ment, is to bring the wires coming from each end of the bat¬ 
tery into a vessel of water. A profusion of bubbles of gas will 
appear to be given out from each wire, as far as they are im¬ 
mersed in the liquid. The nearer the wiresare brought together, 
so as not to touch, the more rapidly the decomposition goes 
on. The gas produced from the wire coming from the zinc 
end of the battery, if the wire be of gold or platina, is found, 
as before mentioned, to be oxygen; but if the wire be of any 
more oxidable metal, no gas will appear, but the wire v ill b« 
oxidated. The gas furnished by the wire from the copper end 
of the battery, of whatever kind of metal the wire may be, is 
pure hydrogen. If the immersed part of this, however, be pre¬ 
viously oxidated, no gas will be observed for some time, the 
hydrogen being employed in reducing the oxide upon the sur¬ 
face. Both the gases are furnished by the decomposition of 
the water. 

An apparatus more convenient for this purpose, and at the 
same time fitted for collecting the gases, is shewn at fig. 16; 
r g is a cup of glass capable of receiving the glass tube h: 
E c and F z, are two wires of platina, fitted into two holes 
perforated in the bottom of the glass cup; the tube h, which 
fs close at the top, is first filled with the water or other liquid, 

_i-—-——■ 

• Tki» mppoMd hrt reals opoa tbe talborilj of aererd wbo slate Aeir havNtx •»- 
perieaeed U; bat it appears too marvaitoaa lo he ooosiUered as a^ilolaiy Irae, aolil 
prosed by eaperiawnts winch admit no cooirarietj of tnCrreocr. 


OAI.VAN1&M* 


287 



uid lb« teap inverted upon it; the whole is then suddenly re¬ 
lumed into an erect position, and placed in the frame, fig. 17. 
In this frame, j^BCD are four pieces of bra^s, united together 
by the pieces of glass F and G, and supported by four legs, 
through which also the brass rods, H and K, are passed. It 
is plain diat the two sides of this frame are insulated with re¬ 
spect to each other, at least as much as is necessary for any 
gmvanic experiment. The part F, in fig. 16, being introduced 
into any of the holes, such as n m, the opposite end £ is made 
to rest on the opposite brass rod K. If the wires from the 
battery be now connected with the frame at H and K, the gas 
will instantly begin to rise from the wires c and z into the 
tube, while tne liquid descends and occupies the cup. 

6 . A number of the apparatus, such as fig. 16, may be 
employed at the same time; and if the difierent tubes are 
tilled with different liquids, such as the various solutions 
of salts, and the communication of each occasionally cut off, 
by placing some non-conductor at E, their relative conduct¬ 
ing powers may be ascertained. If two tubes of smaller size 
be placed, one over the wire z, and the other over that of c, 
the gases may be collected separately. If the tube contains 
a metallic solution, such as silver, lead, or copper, the wire 
from the copper end of the battery will afiord no gas, because 
the hydrogen that would be emitted in other cases, is em¬ 
ployed in reducing the metal uf the solution. Let the glass 
vessel A, tig. 18, have the two tubes Z and C ground into its 
two necks. At the ends Z and C of the tubes, are tied bits 
of bladder, so that any liquid in the tubes may have no 
tendency to enter the vessel A. The vessel being previously 
filled with some fluid, the tubes are so inserted that there 
may be no air between the end of the tubes; the ends are 
also provided with two small caps of ivory or wood, through 
which the platina wires p p, are passed, reaching to the bot¬ 
tom, but not piercing the bladders. The tubes being filled 
with water, ana the wire from the zinc end of the battery con¬ 
nected with the wire of the tube Z, while that of the copper 
end is attached to that of the tube C, the decomposition of 
water will speedily commence, the wire in Z affording oxygen 
gas, while that of C affords hydrogen gas. In a very short 
time, the liquid of the tube Z will be found to contain 
muriatic acid, or rather the oxy-muriatic acid; and the tube 
C will at the same time be found to contain a fixed alkali. 
If the tubes be filled with an infusion of cabbage, the 
signs of alkali and acid are very soon observea, from the 
liquid of Z becoming red, and that of C green. If the con¬ 
nection be reversed, the liquids repass to the blue colour; 
39 .-V 0 L. IT. 2 0 
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and if tbe proceat be continued, that of Z becomoa green, iiul 
C red. 

6 . Batteries contain 6QpO or 8000 souare inches of sine 
and copper surface, furnish the means oi performing a variety 
of experiments, in which light and heat are abundantly 
extricated. Such a battery, in its highest state of energy, 
will make red-hot, and even fuse, a considerable length of 
fine steel wire, when it forms part of the circuit in making 
the connection between tbe two ends of the battery. Attach 
to the end of each wire of the battery, a small piece of 
charcoal i on completing the circuit, by bringing the two 
pieces of charcoal into contact, a light the most vivid the 
eye can behold, immediately appears. By alternately sepa¬ 
rating and joining the charcoal, the appearance may be 
repeated for some time. This experiment, and others of the 
same kind, should be formed in the dark j and the charcoal 
should be prepared for the purpose, by burning box-wood, 
lignum'vita;, or some other hard close-grained wood in a close 
vessel. 

The foils, or thin leaves of gold, silver, tin. and other metals, 
as well as small wires, may be deflagrated vfery conveniently 
by means of mercury. Let the conducting wire from one eud 
of the trough or battery, terminate in the mercury contained 
in a small iron dish; to the other conducting wire attach the 
foil or w ire to be deflagrated, and upon touching the mercury 
with the latter, the efi'ect is produced. 

The light afforded by tbe combustion of different metals is 
of different colours.—Copper or brass leaf, commonly called 
Dutch gold, burns with a green light, silver with a pale blue 
light, and gold with a yellow light, and all with a slight 
crackling or decrepitation. 

The galvanic discharge fires gunpowder, hydrogen gas, oils, 
alcohol, and all other combustibles. 

7 . One of the most brilliant discoveries of modern chemistry 
was effected by the application of galvanism. We allude to 
tbe decomposition of the fixed alkalies, by Sir H. Davy. These 
alkalies, viz. soda and potass, were supposed to be simple 
bodies, but ibis philosopher discovered them to be metallic 
oxides. A small piece of one of these oxides being laid upon 
a plate of platina, connected with one end of a powerful 
battery, and another piece of platina, connected with the other 
end of the battery, being brought into contact with it, a oor- 
tion of black matter is soon formed, in which is found imbedded 
small metallic globules. These globules are the base of the 
alktdi, which has been deprived of its oxygen by the action oi 
tbe battery. These metals will be more particularly noticed 
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under the head Chemistry; that from potass is called potasium, 
and that from soda is called sodium. 

8 . Aldini, the nephew of Gaivani, is of opinion that the 
suggestion of his uncle, respecting the existence of animal 
electricity, ought not to be wholly given up. He exhibited a 
number of experiments at Guy’s Hospital, many of which had 
the proof of this hypothesis for their object; the following 
experiments form part of his course: 

Two prepared frogs were laid on the surface of a dry earthen 
plate, the opposite knees and the vertebras communicating; 
as soon as a metallic arc was made by a bow of wire touching 
the nerve and muscle of one of the frogs, violent contractions 
took place in both. 

9. Three prepared frogs were laid in the same order as in the 
last experiment, only the parts of the animals were not in con¬ 
tact, except by a streak of water drawn by the finger from one 
to the other across the plate. As soon as a metallic com¬ 
munication was made between the nerve and muscle of one, 
all the three were thrown into motion, and at the same instant. 
If glass bars, or metallic ones with a small portion of wax on 
One end, are used, no contractions are excited. 

10. A prepared frog being held by the foot and a portion of 
. the vert^re, and the other foot being brought in contact with 

a silver waiter, such violent contractions were excited as to 
cause the limb apparently to leap along the plate. 

11. The operator having hold of the feet of a prepared frog 
with one hand, and by wetted bands communicating with 
three persons or more, the last person completed the circles 
by touching the verlebre; in doing which contractions in¬ 
stantly took place. 

12. Two prepared frogs being laid in the order before-men¬ 
tioned on an earthen plate, a third was laid between them 
reversed, the toes touching the vertebr® of the two. On a me¬ 
tallic communication being made, the two outward ones 
violently contracted, without any sensible cftect on the middle 
one, though it served as the conductor to one. 

13. Galvanic attraction was made sensible by the operator 
holding a prejiarcd frog by its feet, placing the other hand on 
the spinal marrow of a dog, and bringing the sciatic nerves of 
the frog nearly in contact with tlie exposed ribs oi the dog: 
the nerves were instantly attracted, and contractions took 
place. 

14 On connecting the optic nerve with one end of the pile, 
and touching the iris of the eye with llie other conductor, the 
pupil contracted. 
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Abstract or Galvanism. 

* 

1 . ^Irmnitm apfiears only to be a metliod of excitiiii; 
eiectricit?: the first efficient observation of its efl'eets origi* 
nated with Qalvani, from whom it derives its name; but it was 
Volta who first rendered it interesting, by discovering the 
method of accumahU^ it. 

2. Gahrante elecb^lty is produced by the chemical action 
of bodi^ upon each ewer, particularly by the oxidation of 
metals, during which process considerable quantities ore 
evolved. 

3. It appeain to be in a state of less intensity or condensa¬ 
tion than toe electricity olMhiined by the ekctrical machine. 

4. It will oxidize metab^ and set fire to tdl infiammable sub¬ 
stances; it will also give a low charge to a Leyden phial. 

5. Of all known substances, the nerves of animnis recently 
dead, appear to be the most easily affected by it, and con¬ 
stitute electrometers of exquisite delicacy. 

6 . It is conducted and refused a passage by the same sub¬ 
stances as common electricity. 

7 . When a living animal forms part of its circuit, it produces 
a sensation retembling that of the electric shock. 

8 . Electricity is geiterated by the galvanic battery, but only 
eoileeted or transferred by the electrical machine; and thorefure 
the effects of the former are increased by insulation. 

9. The powe- of galvanism, in consuming wires, is greatest 
when the plates are numerous; but in giving a shock it is 
greatest when the plates arc large; the quantity of surface in 
each case being the same. 
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CHEMISTRY 


CiiBMisTKY acquaints us with the various means of changing 
the properties of bodies, by their action upon each other, 
whether in a simple or compound state. 

Chemistry is a science, the utility of which is as boundless 
as its extent. What grasp at the knowledge of terrestrial 
things can he conceived wider than that which embraces the 
action of all bodies, under all circumstances, upon each other; 
or what can be more important to the enjoyment of physical 
existence, than the best means of obtaining what this know¬ 
ledge would give—whatever is most conducive to its welfare. 
Tlie growth and preparation of food, in short, every process 
on w hich the comforts of life, and tire manual performances 
of man, are dependent, can improve only with our knowledge 
of the jiroperties of bodies which are the instruments we must 
use to minister to our wants. 

To trace in a regular manner the history of chemistry, though 
a task not devoid of interest, would contribute nothing to the 
elucidation of the principles of the science. We shall there¬ 
fore confine ourselves to such remarks of an historical nature 
as incidentally occur, and proceed immediately to useful de¬ 
tails. We shall advert, 1, to the nomenclature of chemists, or 
the language which they use to designate the chemical state 
or dirterences of substances; 2, to that power of attraction 
between the particles of bodies upon which chemical changes 
depend; 3, to the apparatus and manipulations of the labora¬ 
tory, by which the action of this attraction is modified; 
4, to light and caloric, those unconfinable powers which so 
many of these manipulations elicit or require; 5, to simple 
substances in general; and 6, to compound substances. 
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Of Chemical Nomenclature. 

From the revival of learning, after the fall of the Roman 
empire, to nearly the close of the seventeenth century, cherois> 
try was chiefliy confined to those who followed it with alchemi¬ 
cal views. These persons, many of whom knew that they 
were deceiving their patrons, while others were desirous to 
conceal their self-delusion, or to create admiration, by the 
appearance of having done much, were anxious to give every 
product of their laboratories, a mysterious, extraordinary, or 
unintelligible name; as they did not act in conceit, the same 
preparation obtained very difterent names; and as they were, 
with few exceptions, as eminent for ignorance as eHruntery, 
and carried on their operations at random, they examined but 
superficially the substances which they undertook to de¬ 
nominate, and knew not to what they were indebted for their 
leading properties. Such names os horn moon, mercuri/ oj life, 
the tconaerjui sail, the salt with many virtues, form but a small 
specimen of a prodigious number, equally inappropriate and 
ridiculous. Hence, when the dreams of alchemy were broken 
by the dawn of a more enlightened day; when men who had 
the promulgation of truth only for their object, became 
chemists, from a persuasion of the advantages which tlie cul¬ 
tivation of that science would aflbrd to mankind; they found 
it difficult to unravel the confusion which the misnomers of 
their predecessors had created. In proportion as discoveries 
were multiplied, the want of a regular and appropriate nomen¬ 
clature increased, and formed a strong bar to the general 
diffusion of a taste for chemical researches. A few innovations, 
which were made by single individuals, in order to accom¬ 
modate the language of chemistry to the improved state of 
knowledge, served only to shew how much was still wanted. 
It was perfectly obvious that names founded upon a mistaken 
view of the properties of things, tend to the propagation of 
erroneous opinions; and that when a vast number of sub¬ 
stances are aesignated at random, without any connection in 
name, although nearly related in composition, the mere effort 
of memory to recollect these names, will exceed the effort 
which ought to be required for the acquisition of a science. 
Towards the close of the .last century, therefore, several 
eminent French chemists determined to take a comprehensive 
view of the subject, and to remodel the whole system of 
chemical nomenclature, a task which they coropletea in 1787. 
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New Bonencifttore. 


Their object was to reject all the old names which were known 
to convey false ideas, but to preserve those which were not of 
this class, and to which custom had given a currency scarcely, 
and not usefully, to be checked; they at the same time in¬ 
troduced new terms of appropriate derivation; and the method 
of forming compound terms, so as to indicate the composition 
of compound bodies, was pointed out. This system of nomen¬ 
clature possessed so much merit, that the adoption of it soon 
became general in France, and from thence it spread with 
great rapidity to other countries, where it was received either 
entirely, or with such improvements as experience warranted. 
The objections which have been urged against it are futile; 
they have chiefly amounted to this; that it is not absolutely 
perfect, and will, by the progress of discovery, hereafter re¬ 
quire to be modified. On the contrary, a high eulogium on 
its value and opportune establishment, is conveyed by the 
opinion of several eminent chemists, that the present state of 
cnemistry could not be communicated, much less remembered, 
by the language previously in use. 

The following table will exhibit the most important 
changes of terms which have been made, and more parti¬ 
cular details will occur, as an account of each substance 
gives occasion : 


Sulphuric acid. 


Old Names. New Names. 

Acetous salts Acetites. 

Acid of vitriol, phlogisticated Sulphurous acid. 

• of alum 

• of vitriol 

• vitriolic 

• of sulphur 

• of nitre, phlogisticated Nitrous acid. 

. ofnitr.,dephIogUticated ) 

• of saltpetre ) 

. of sea-salt ) Muriatic acid. 

• marine ) 

• dephlogisticated marine Oxygenized muriatic acid. 

• aerial 




of chalk 

cretaceous 

calcareous 

of charcoal 

mephitic 

of spar or fluor 

sparry 


Carbonic acid. 


i 

j Fluoric acid. 
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Old Names, 

Acid of bortx 
of arsenic 
of tungsten 
of wolfram 
of moivbdena 
of apples 
of sugar 
saccharine 
of wood'Sorrel 
of lemons 
of cream of tartar 
of Benzoin 
of galls 
of amber 
of ants 
of cork 

of phosphorus, phlogis- 
ticated 

of phosphorus, dephlo- 
gisticated 
of silk-worms 
of fat 
sedative 
of lac 
of milk 
sacchoiactic 
of sugar of milk 


ir 


Ne0 Names. 
Boracic acid. 

Arsenic acid. 


J Tung] 


Stic acid. 


Moljbdic acid. 
Malic acid. 

Oxalic acid. 

Citric acid. 
Tartaric acid. 
Benzoic acid. 
Gallic acid. 
Succinic acid. 
Formic acid. 
Suberic acid. 

I Phosphorus acid. 

I Phosphoric acid. 

Bombic acid. 
Sebacic acid. 
Boracic acid 
Laccic acid. 
Lactic acid. 

Mucous acid. 


dephlogisticated 
empyreal 
vital 
pure 

impure or vitiated 
burnt 

phlogisticated 
inflammable 
marine acid 

dephlogisticated marine 
acid 


Gas.* 

^ Oxygen gas. 


I 


Nitrogen gas, or azote, or azo¬ 
tic gas. 

Hydrogen gas. 

Muriatic acid gas. 

I Oxygenized muriatic acid gas* 


* Tti« term g^u it now mod •« « muae for ■II kinda «f (dr exeopt atmo* 

•pberio air. 






Old Nawut* 

Air* ktfiiticy 

• • • • foetid of faiphair 

• • • • fixed 

• •solid, of Hales 

• • • • alkaline 

Algarotii, powder of 

Alkalies, fixed 
Alkali, volatile 
.... concrete volatile 

Alkalies caustic 

• • • • effervescent, or not caus¬ 

tic, or aerated or mild 
Alkali, vegetable 

• ••• mineral 

• • • • marine 
.... Prussian 
Alum 

Antimony, crude 

• ••• diaphoretic 

Aqna-fortis 

Aqua-regia 

Aqua ammonim pure 

Argil, or argillaceous earth 

Barilla, 

Bezoar mineral 
Black-lead 
Blue, Prussian 
Borax 

Butter of antimony 
Calces, metallic 
Caustic, lunar 

Cwruse 

Ceruse of antimony 

Chalk . 

Charcoal, pure 

Cinnabar 


New Ndmet. 

13ttlphurett(Hl hydrogen gim. 

I Carbonic acid gM. 

AmmOniacal gas. 

(W hite oxide of antimony by thd 
c muriatic acid. 

Potash and soda. 

Ammonia. 

Carbonate of ammonia. 
i Pure alkalies, or those deprived 
I of carbonic acid. 

' i Alkaline carbonates, or alkalies 
C combined with carbonic acid. 
Potash. 

{Soda. 

Pmssiate of potass. 

Sulphate of alumine and potass. 
Sulphuret of antimony, 
t White oxide of antimony, by the 
( nitric acid. 

Nitric acid of oommerce» 
Nitro-muriatic acid. 

Ammonia. 

Alumine. 

Carbonate of soda. 

Oxide of antimony. 
Hyper-carburet of iron. 
Pmssiate of iron. 

Borate of soda. 

Muriate of antimony. 

Metallic oxides. 

Fused nitrate of silver. 

(White oxide of lead by the 
f acetous acid. 

(White oxide of antimony by 
t precipitation. 

Carbonate of Itme. 

Carbon. 

(Red sulphuretted oxide of mer- 
f cury. 


* TIm pttiijt of oommero*. whoa purified, ii now oalled potaei. 

39.— VoL. II. 2 P 
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Old Namei. Ntw JNanm. 

Colcoth^ of vitriol 

Copper, acetaUd Acetate of copper. 

Copperas, green Sulphate of iron. 

. blue ' . of copper. 

Cream of tartar Super-tartrate of potass. 

Earth, calcareous Lime. 

.Ulumine. 

.of alum > 

.siliceous Silex. 

.ponderous Barytes. 

.magnesian j Magnesia. 

Egg, white of Albumen. 

EraoUc gum j Caoutchouc. 

Indian rubber > 

Emetic tartar Anlimoniated tartrate of potass. 

Essences Volatile oils. 

Ethiops, martial Black oxide of iron. 

.mineral ( Black sulphuretted oxide of 

.per se t mercury. 

Flowers, metallic Sublimated metallic oxides. 

.of sulphur .sulphur. 

Fluors Fluates. 

Glass of bismuth Viireous oxide of bismuth. 

Glue or jelly ’ Gelatine. 

Glutinous matter Gluten. 

Gypsum Sulphate of lime. 

Hepars Sulphures. 

Heat, latent, or matter of heat Caloric. 

^ , (Red sulphuretted oxide of anti- 

Kermes mineral J mony. 

Lapis infemalis Fused nitrate of silver. 

Leys Solutions of alkalies. 

Liquor I Solution of siliceous potash. 

,... (Litharge, or semi-vitreous oxide 

I of lead. 

Liver of sulphur, alkaline Sulphuret of potash. 

•. calcareous .of lime. 

Luna cornea Muriate of silver. 

. ... (Oxide of bismuth by the nitric 

Magislcry of bismuth J 

.., *.of lead Precipitated oxide of lead. 
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Old Names. New Names. 

Ma^esm | Carbonate of Magnesia. 

.black Black oxide of manranese. 

Masticot Yellow oxide of lead. 

Matter, amylacious Fecula, or starch. 

Mephitis Nitrogen. 

Minium Red oxide of lead. 

Mother waters Deliquescent saline residues. 

SaUpetre ] Nitrate of potash. 

Nitres Nitrates. 

Oils, fat Fixed oils. 

. , iVolatHeoile. 

• • •. of tartar per deliquium Solution of carbonateof potash. 
Phlogiston, an imaginary principle, adopted by Stahl and his 
followers, to account for the phenomena of com¬ 
bustion. Its existence having never been proved, 
it has no name in modern science. 


Phosphoric idllts 
Plumbago 

Precipitate, red 

.* • • • per se 

Principle, astringent 

*.tanning 

.acidifying 


Phosphates. 

Hyper-carburet of iron. 

Red oxide of mercury by the 
nitric acid. 

Red oxide of mercury by fire. 
Gallic acid. 

Tannin. 

Oxygen. 


.inflammable, (identical with Phlogiston. 

Pyrites of copper Sulphuret of copper. 


martial 

factitious of iron 


of iron. 


n , i Red sulphuretted oxide of arse- 

Rea'sar J 

Regulus of a metal The metal in a state of purity. 

Rust of copper Green oxide of copper. 

• • • • of iron Carbonate of iron. 

Saffron of Mars Red oxide of iron. 

Sal ammoniac Muriate of ammonia. 

•• • polychrest Sulphate of potass. 

Salt, common or sea Muriate of soda. 

• • • • febrifuge of Sylvius Muriate of potass. 


* In general (he works in which it is used may be onderetood by substituting the 
term "hydrogen" instead of it) and by "dephlogiitioated" underslaodiog free from 
hydrogen 
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Salt, fttttble of urine 
.... Olaaber*a 
•. • • Bpaom 

• * • • of apnel 

• • • • of wormwood 

• ... vegetable 
.... sedative 

• • •« Stabl^a anlpboroua 
Selenite 

Spar, calcareona 
flttor 

• ••• ponderous 
Spirit, ardent 
..... of nitre 

.of nitre, fuming 

• • • • • of lalt 

r * • • • of aai ammoniac 

• • • * * of vitriol 

.of wine 

Spiritus rector 
Sublimate, corrosive 
Sow of lead 
Suipbur, alkaline liver of 

• .metallic liver of 

Tartar 

.emetic 

.vitriolated 

Tartars 

Tinctures, spirituous 

Turbith mineral 

Verdegris, or rust of copper 
exposed to the air 

.. of the shops 

........ distilled 

Vinegair, disUUed 

. radical 

Vitriol, blue or Roman 

' it 

.green 

.martial 

• .white 

Vitriols. 


Fhoapbate of soda9t nmiDQiiill* 
Sulphate of soda. 

.of magnesia. 

8aper>oxalate of potaM. 
Carbonate of potass. 

Tartrate of potass. 

Boracic acid. 

Sulphite of TOtash* 

Sulphate of lime. 

Crystallized carbonate of InOMt 
Fiuate of lime. 

Sulphate of barytes. 

Alcohol. 

Citric acid. 

Nitrous acid. 

Muriatic acid* 

Ammoniac. 

Sulphuric acid. 

Alcohol. 

Aroma. 

Corrosive muriate of mercury. 
Acetate of lead. 

Sulphuret of potass, soda, 8cc. 
Alkaline sulphurets containiog 
metals. 

Super*tartrat« of potasa. 
Antimoniated tartrate of potass. 
Sulphate of potash. 

Tartrates. 

Resins dissolved in alcohol. 
Yellow oaide of mercury by the 
sulphuric acid. 

J Oreen oxide of copper. 

Acetate of copper mixed with 
oxide. 

Crystallized acetate of coppet 
Acetous acid. 

Acetic acid. 

Sulphate of copper. 

........ of iron. 

of sine. 

Sulphates. 
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Oid Names, 

W'ater,derated or acidulated 
.hepatic 


New Names* 


Water impregnated with car¬ 
bonic acid. 



To the preceding view of chemical nomenclature, the fol¬ 
lowing explanations of terms will not perhaps be an unaccept¬ 
able addition: 

Calcination, applied to the metals, is their combination with 
oxyeen, by means of heat. 

(Cementation, a process in which a body in a solid state, is 
surrounded by another in powder, and exposed for some time 
in a close vessel to a degree of heat which will not fuse either 
of the bodies. Iron thus surrounded by charcoal is converted 
into steel; and copper by cementation with powdered cala¬ 
mine and charcoal is converted into brass. The powder used 
in this process is called the cement. 

Concentration, the separation and evaporation by heat of 
some or all of the watery particles of any fluid ; by which the 
fluid is said, in common language, to become stronger or less 
diluted. 

Crumble, a vessel usually made of clay, employed as a melt¬ 
ing-pot for metals or other substances. 

Cupel, a crucible made of burned bones, in which the 
precious metals are melted with lead. The lead is converted 
into glass, and passes through the vessel, carrying the impure 
metals along with it, and leaves the gold or silver in a state 
of purity. 

CryetcUUxation, is when a body passing from a fluid to a 
solid state assumes a regular form. Water always combines 
with salts in their crystallization. 

Decantation, the separation of a fluid from the solid or un¬ 
dissolved particles which it contains. This is done by leaving 
the fluid at rest in a conical vessel, and when the foreign 
matter has deposited itself at the bottom, the fluid is gently 
poured off, in order to disturb the sediment as little as pos¬ 
sible. When the matter deposited is light, and Spt to mix. 
with the fluid, or when the vessel containing it cannot be con¬ 
veniently moved, a siphon is employed to draw it off. A 
thick woollen thread steeped in the liquor, and inclining 
over the edge of Uie voisel, makes a very good siphon for this 
puroose. 

Ikcoction, a fluid holding in solution some substance which 
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it has obtained by boiling: thus we say a decoc^on of baric» 
&.O. When the preparation is made by cold water it it called 
an in/miom. 

lyKomposiiiott, The substances of which any compound 
body is formed, arc called its component or constituent 
parts, and when fhese are separated from each other, the 
body is said to be decomposed, or to have undergone decom> 
position. Thus soap is compounded of oil and an alkali, and 
when the oil and alkali are separated from each other riie 
soim is decomposed. 

i)ecrepitatiou^ the small and successive explosions which 
take place in many chemical operations, as when salts are 
exposed to heat. 

jDeiiguesctnce, the state of a salt which becomes fluid by 
its absorption of moisture from the atmosphere. 

Desiccation, (drying,) the expelling or evaporating of humid 
matter from any substance, by means of heat. 

Detonation, an explosion caused by the sudden expansion 
and combustion of certain substances; it differs from decre~ 
pitation in being more rapid, and louder. 

Digestion, the slow action of a solvent upon any substance, 
whether assisted by heat or not. 

DistiUation, the separation by heat of a volatile fluid from 
other substances which are fixed; or the separation of sub¬ 
stances more or less volatile from each other. 

£^ervescence, the bubbling and noise produced by the 
escape of volatile parts from a fluid. 

Efflorescence, the conversion of a salt into powder, by the 
loss of its water of crystallization. 

Eliquation, an operation in which a substance is separated 
from another which is less fusible, by the application of a 
degree of heat which will fuse only the former: thus copper 
may be separated from its alloy with lead, by a degree of heat 
which is sufficient only to melt the lead. 

Extract, the solid matter obtained by evaporating the 
watery parts of a decoction or infusion. 

Fixed, an epithet descriptive of such bodies at so far 
resist the action of heat as not to rise in vapour. It is the 
opposite of volatile; but it must be observed, that the fixity 
of bodies is merely a relative term, as an adequate degree 
of heat will dissipate all. 

Dibmnation, a still more violent and sudden explosion 
than detonation. 

Fnciaeration, the burning of vegetables, for the purpose of 
obtaining their residuum, which ts lixiviated. 

. idxhuUion, the application of water to the fixed residues of 
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bodies, for the purpose of extracting the saline parts, which dis> 
solve in the water, and afterwards crystallize on evaporation. 

Menstruum^ the fluid in which a solid is dissolved. 

Oxidation, or oxygenation, or oxidizement, the combination 
of any one body with oxygen. 

Precipitation, the effect which takes plaiSe when any matter 
held in solution by a fluid is caused to fall down in a concrete 
state, in consequence of the fluid particles combining with 
another. The product is called a precipitate, and the body 
added to the solution, in order to obtain it, is called the pre¬ 
cipitant. The precipitate is not always composed entirely of 
matters held in solution by the fluid before the precipitant 
was added to it, but it often contains a part of the precipi¬ 
tant itself. Thus if to a solution of gold in nitro-muriatic 
acid, be added a solution of tin in the same acid, a precipitate 
is obtained which is composed of both gold and tin.—When 
the matter which falls down from a solution, is not formed 
in less than several hours or days, the word precipitate is 
changed for that of deposition. 

Re-agent, a body which is brought in contact with another, 
to promote the separation of its principles or constituent 
parts. Re-agents are the immediate means of precipitation. 
They are sometimes called tests. 

iMcHficaiion, the purification of a fluid by a second or 
reiterated distillation. 


Reduction. When a metal is converted into an oxide by 
its combining with oxygen, it loses its metallic properties, 
and assumes the appearance of an earth; but when the oxy¬ 
gen with which it is combined is taken from it, all its pro¬ 
perties as a metal are recovered ; in this case the metal is said 
to be reduced, and the operation by which it is effected is 
called redu(Hion. Revivification is a word used in the same 
sense as reduction, but is most commonly employed where 
mercury is the'metal employed. 

Residuum, (formerly called caput mortuum,) that part of a 
body which remains after the more valuable part has been 
separated by combustion, distillation, or sublimation. 

Roasting, a preliminary operation, which prepares mineral 
substances for undergoing’a series of succeeding ones, divid¬ 
ing their constituent particles, volatilizing some of their prin¬ 
ciples, and thus, in a certain degree, altering their nature. 
Ores are exposed to this process, with a view to septate the 
sulphur and arsenic whicli they contain, and to diininish the 
cohesion of their particles. Capsules of earth or iron, cru¬ 
cibles, and roasting pots, are the vessels in which it is usually 
performed; and the ore is generally exposed to the access of- 
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external tin Someti met, bowex«f»tbe o{iehtttoii ia perforned 
in close xesaelt; and two craotldea, Inted moidb to moolli^ 
way be employed on inch occasions. Roaa^og it tjiiony- 
luons with twimcHm ant) wttvhHoM* * * 

Satitratum. Mo||^l>ddie8 which have a cbanical aAnito tor 
each other, win <^y unite in certain proportions. When, 
therefore, a fluid has dissolved as much of any substance as it 
is capable of dissolving, it is said to have reached the point 
of saturation. Thus water will dissolve one>qiiarter of its 
weight of common salt, and if more salt be added, it will sink 
to toe bottom in a solid state. Some fluids will diaeolve 
ntore of certain substances when hot than when cold. Thua 
water, when hot, will dissolve a moch larger quantity of nine 
than when cold. 

Solutimf toe dispersion of the particles of a solid body in 
any fluid, in to equal a manner, that the compound liquor 
shul be perfectly and permanently clear and transfmrent. 
This takes place when the particles of the fluid have an affi* 
nity or elective attraction for the particles of the 8<did. 
When solid particles are only disperse in a fluid by mecha¬ 
nical means, it is mixture, not solution, and the compound is 
uanally opaque and muddy. 

Siratifieatumt an operation in which bodies are placed dlter- 
nstely in layers, in order that they may act upon each other 
when heat is applied to them. It is nearly the same with 
cementation, but cementation is more particularly api^md to 
the cases already noted. 

Smbiimation is to dry matters, what distillation is to hanwd 
ones. It is the process by which the volatile are separated 
from the fixed parts of bodies, by the application of beat 
alone, without moisture. 

Vf^atUiiation, the reducing into vapour, or Um aerifotni 
state, such aubstancea as ars capable ot assuming it. 

Way, dry. When the chemist decomposes Uuhstancea by 
the agency of heat, he is said to operate in the dry W 0 y» 

Way, humd. When the decomposition ta produced by 
water or other fluids, the effect is said to Im prtmuced in Iha 
Ammtd icay, '' 
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Of Cbsmical Attbaction OB Affinity. 

tlie phenomena depending upon the aUractioti of gfavita* 
lion« of cohesion, of electricity and maenetism, bare socces> 
sivelf been developed in the course of this work. 

Of all these species of attraction, it has been seen that this 
attraction of gravitation is the most general and uniform. As far 
as human investigation extends, it appears to be exerted on 
every equal particle of matter in an equal degree, and con¬ 
sequently upon all aggregates, in exact proportion to the 
quantity of matter they contain. Its action also prevails at 
in distances, and is entirely independent of the state or 
nature of materials. 

The attraction of cohesion, on the contrary, takes place only 
at minute distances; it differs greatly in degree between differ¬ 
ent substances, and between some substances it is not exerted 
at all. The solidity or hardness of substances is supposed to 
depend upon the strength of the attraction of cohesion between 
their particles, because the stronger this is, the more it opposes 
the disunity of the body. This species of attraction is often 
called the attraction aggregaiiout because it simply tends to 
unite the particles of the same or different bodies into a mass, 
without any power to render the mass homogeneous. Capil¬ 
lary attraction, it has been observed, is merely a branch of the 
attraction of cohesion. See vol. 1, p. 275. 

Magnetic attraction is of a very partial nature; it is exerted 
only upon a very few substances, and by these substances only 
upon each other. 

- All bodies are capable of exerting electrical attraction, but 
they must in the first place, according to the view which the 
present slate of knowledge affords of the subject, be either over 
or under saturated with a principle called the electric fluid. 

It is not known whether all these kinds of attraction result 
from principles essentially different, or are different modifica- 
Uona of the same cause. All that can be affirmed of the state 
in which the ultimate particles of matter exist, is only the re¬ 
sult of conjecture, and therefore all that can be said of the 
affections of these particles, must be equally liable to uncer¬ 
tainty. Yet whilst wc admit that it answers a useful purpose 
to make a difference where a difference appears, generaliza¬ 
tion ought to be aimed at, where the facts will warrant it, be¬ 
cause nature accomplishes an infinitude of effects by the 
agency of few principles. Perhaps chemical attraction, when 
thoroughly understood, will not be found essentially different 
from the attraction of aggregation. 

39.— Vol. II. 2Q 
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The species of attraction called chemical attraction, is also 
not unfrequently designated by the spallation of the attrae^ 
tion of composition, or chemical affinity. This kind of attraction 
takes place only between the elementary particles of diiTerent 
bodies; and every integrant part of the compound which re¬ 
sults from its effects, differs in its properties from any of its 
component parts. It is by this change of properties, that che- 
nical combination, or the action of chemical attraction, is 
distinguished from mere inechanicul mixture. By mechanical 
mixture, it is obvious, that gold, however minutely divided, 
could not exist in every part of a ffuid lighter than itself; but 
when the fluid has a chemical attraction for gold, the solution 
is homogeneous, and incapable of separation by the Alter, or 
other mechanical means. 

Every body differs in the degree of its attraction or affinity 
for tile substances with which it unites, and when two bodies 
will not unite, it is for want of this affinity Ijetween their par¬ 
ticles. When any two bodies have the same degree of attrac¬ 
tion for all others, the chemist considers them to be identical. 
It is by the difference of affinities, that all the changes of na¬ 
ture and art are produced. In order to bring affinity fully into 
action, it is in geneml necessary that one or both of the bodies 
presented to each other should he in a ffuid state; or that heat 
should be applied to tiisunite the particles, by lessening the 
attraction of cohesion; for mechanical subdivision or com¬ 
minution never extending to the separation of the ultimate 
particles of bodies, seldom allows that liberty of action, in the 
exercise of which affinity appears. Instances, however, occur, 
iu which the mixture of two solids produce a ffuid; thus, if 
pounded ice and muriate of soda be mixed together, a fluid 
orine will be obtained, unless the temperature, at the lime of 
the experiment, is lower than that at which brine fr^jezes, and 
as this point is thirty-eight degrees below the freezing point 
of water, it does not occur in this country. 

Dr. Black discovered that whenever a body changes its 
state by chemical affinity, its temperature is changed at the 
same time, either lessened or increased. 

The discoveries of Sir H. Davy seem to establish as a fact, 
that no chemical affinity takes place between the particles of 
bodies, unless they be in an opposite electrical state; and 
that by artificialiy changing the electrical slate of bodies, 
their affinities may be modified or destroyed. 

The action of the affinity of composition, in different cases, 
has been distinguished in the following manner: 

1. When two principles, united together, are separated by 
means of a third, we are said to have au example of simple 
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affinitjf. This simple affinity, Bergman called single elective 
attraction, an expression still much used by chemists. 

2. When a body, composed of two others, cannot be de¬ 
stroyed by a third or fourth body separately applied, yet is 
destroyed or decompounded by the action of the third and 
fourth bodies, if these be united before they are added to it ; 
the example in this case, and when any greater number of 
bodies are employed, is called compound aj^nitp, or compound 
elective attraction. 

3. When two bodies which have no perce|»tible action on 
each other, unite by the addition of a third body, the example 
is called intermediate ajjimtif. It is instanced in the union of 
oil and water, by means of an alkali. 

Tables of elective attractions have been constructed, which 
are of singular service in directing the attention of the chemist 
to the efi'ects of substances on each other; we shall advert to 
them when we have considered the properties of the sub¬ 
stances themselves. 

Whatever relation the attraction of gravitation may have to 
the attraction of cohesion, the attraction of cohesion appears 
to be nearly related to chemical attraction, which appears to 
be only a more refined degree of it, and the electric fluid per¬ 
forms an important part in creating the difference. 

The meaning of the term affinity being understood, the 
study of the chemist might be expressed by calling it the 
study of affinities. It is-a more extensive knowledge of affini¬ 
ties, of which he is continually in search, and he can only 
improve by the institution of experiments, and a careful 
attention to his inferences. 

We must now turn our attention to the chemical laboratory, 
in order to take a view of the means employed, to lessen, in¬ 
crease, or otherwise modify the affinities of bodies, in order to 
obtain them in a state of purity, to separate the simple from 
the compound, or to complete the combination of different 
bodies. Most of these eftects are produced by the manage¬ 
ment of beat. 
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Op Chbmicai. Opbbayions ano Utbmsils. 
Crucibla tmd 

Theae ar« the eeateU commonly erojf>loyed to cootein the 
bodies eiibmitted to the action of aitihcisl heat. 

Crucibles are emptied in the melting of metals, and other 
operations of fusion. They are made, for low heats, of earthen^ 
ware or porcelain, but for strong heats, of clay and sand, or 
clay and powdired plumbago. Hessian and Dutch crucibles, 
which are made of refractory clay and sand, are generally the 
most approved; but modern chemists have an invaluable ac¬ 
quisition in piatina, which metal is often made into crucibles, 
and will bear, without fusion or injury, a greater beat than 
any other known substance.* 

Crucibles are generally made of the shapes shewn at fig;s. 1, 
2, and 3, pi. 1. Fig. 1, is a round crucible, with its cover and 
stand; hg. 2, a tnaaguiar crucible on its stand, suitable in 
operations where any thing ia to be poured out; hg. 3, the 
form of a crucible used for assaying, and fusing ores in small 
quantities. 

Fig. 4, is a cupel; these vessels are broad and shallow, be¬ 
cause their contents must be exposed to a current of air. 
They are formed of bone-ashes, with a small quantity of clay 
and plumbago in powder. 

Muffki. 

In cupeilation, it ts necessary for the contents of the cupel 
to be exposed to the access of air; the cupel must not there¬ 
fore be used in a closed furnace, or be surrounded with fire. 
A kind of small ovens are therefore employed, which are called 
muffle*, see fig. 6. They are made of the same materials at 
crucibles, and the cupel being put into them, they are exposed 
to the heat of the furnace. They are also used in enameUiog, 
and other operations, where heat is required, while the con¬ 
tact of the fire must be kept ofi*. 

Retorts. 

Retorts are globular vessels, formed with a long beck, and 
are made of earthenware, glass, or metal, according to the use 
far which they are designed. They are used in distillation. 
When the retort is formed as represented at fig. 6, it is called 
a simple retort; when it has an opening at a, at in fig. 7, it is 

* Carr, Bi»th*nwitig«] ud pfaiioMpliiMl ia bw Strud, lMd<^ 

mQi idiulM at 17 §. Sd. per easee, ud aukee bat a eaudl addUIaBal eharga tar tlw 
Waable ofaHnMfactiiriBf. 
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called a tubulated retort. This opening is convenient for 
charging it. The conical tube of a retort is usually called 
its beak. 

Glass retorts should be very thin, and of a uniform substance 
in every part, otherwise* from the inequality of their expansion, 
they will crack with the application of a very slight heat: they 
cannot also be exposed to the fire, unless defended by a coat¬ 
ing, which is generally some earthy compositinn. Chaptal 
particularly recommends, for this purpose, tat earth which has 
been sutfered to rot some hours in water; it must then be 
kneaded with horse-dung, and formed into a soft paste, which 
must be equally spread over every part of the retort to be 
exposed to the fire. The adhesion of this coating is such, 
that should the retort crack during the operation, the distil¬ 
lation may still be carried on. The retorts used over a lamp 
arc not coated. 


Cucurbits or Matrasses. 

Cucurbits, or matrasses, are glass, earthen, or metallic ves 
sels, usually of an oval or egg-shape, and open at the top 
They are used for the purposes of digestion, evaporation, solu¬ 
tion, &,c. One of these vessels is represented at fig. 8. A 
Florence flask makes a good matrass. 

A lembics. 

The alembic is used for distillation, when the products are 
of too volatile a nature for the use of the retort. It is nothing 
more than a matrass with a capacious head fitted to it, and 
from the head proceeds a tube or beak, like that of a retort. 
It 18 represented at fig. 9. As the external circumference or 
base of the head f, is lower than the beak, the vapours which 
rise and are condensed against its sides, first run down into 
the channel formed by the depressed part, and thence are con¬ 
veyed off by the beak. The alembic is a more complex in¬ 
strument than the simple retort, which with care will answer 
as well, except perhaps for matters which are partly converted 
into vapour, and partly sublimed ; in which case the sublimed 
part is very conveniently retained by the head. 

Receivers or Recipients. 

A receiver or recipient is a vessel, usually of glass in small 
operations, for receiving the volatile product from a retort or 
alembic, to the extremity of the beak of which it is secured by 
luting in the manner shewn at figs. 10 and 11, where A and B 
are the receivers. Those receivers, which, like A, are made 
of a globular form, are often called balloons. 
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When it i» required to have the receiver at a greater dia- 
tance from the fire, than the length of the beak of the retort 
will allow, the connection ia formed by means of one or more 
tubes called adopters, see fig. 12. 

For the preparation of the luting, by which retorts, receivers, 
and adopters, are made air>tight, refer to the article of lutes 
and cements. 

Eivaporatmg Veueh. 

These arc made of wood, glass, metal, porcelain, or Wedge- 
wood's ware. Those of the last mentioned composition are 
very convenient, as they arc, like glass, easily kept clean, and 
are not very sifbject to crack by changes of temperature. They 
are generally in the form of shallow basins, and when the mat¬ 
ter deposited in them would be apt to burn to the bottom, 
and be injured, if not strictly attended to, they are placed over 
the fire m a vessel filled with sand, which is then called a 
sand-bath. When even this heat would prove too great, the 
heat of boiling water is used instead of sand, and the evapora¬ 
tion is then said to be performed in balnenm maria. 

The Pneumato-ehemicai Apparatus. 

When any permanently elastic gas is the product of distil¬ 
lation, and It IS desired to fill receivers with this gas, without 
admitthig the admixture of atmospheric air, it is obvious that 
the ordinary mode of connecting the receiver and retort will 
not answer. For this purpose then, the pneumato-chemical 
apparatus is employed, by which the purpose is eflected with 
great facility. L, fig. 13, pi. I, is a vessel containing a narrow 
shelf, at the distance of three or four inches from its upper 
edge; and filled with water till the shelf is covered to the 
depth of an inch, at least. Tlie shelf is perforated with a num¬ 
ber of small holes, to which funnels are adapted on the under 
aide. The glas jar, or receiver N, is now completely filled 
with water, and in this state, with its mouth downwards, it is 
placed upon the thelf over one of the holes. In this situation 
It remains full of water, from the pressure of the atmosphere, 
agreeably to the principles of pneumatics. 

The materials from which the gas is to be disengaged, must 
now be put into a retort. If this retort be of earthenware, or 
iron, it may be heated in the wind furnace, or a strong fire; but 
when it is known that a moderate heat will aet the gas at 
liberty, a glass retort, and the lamp-furnace, will afford a more 
agreeable mode of operation. 

At the commencement of the process, the extremity of the re¬ 
tort, or of the tube luted to it, maybe put under water,end it will 
be known when its contents have begun to acton one another, by 
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the bubbling which ensues. A few of the first bubbles may be 
allowed to escape, because they consist chiefly of the atmo* 
spheric air enclosed in the retort; but when they become numer¬ 
ous, they may be considered as the product of the chemical 
operation going on, and the extremity of the retort should be im¬ 
mediately placed under that funnel over which the mouth of the 
jar filled with water has been set. The bubbles will then pass 
through the funnel, and by their levity ascend to the top of the 
Jar, where they will displace iheir bulk of water. Supposing the 
retort to contain a sufficient quantity of materials, the water will 
soon be entirely discharged from the jar, which will then be in 
appearance empty, but in reality is filled with the gaseous pro¬ 
duct of the operation. By keeping the mouth of the jar under 
water, the gas will be prevented from escaping, and by slipping 
the first jar aside, or directing the beak of the retort to another 
funnel, the jar above it may be filled in like manner. 

The gas may be transferred from the jar N to any other, in the 
following manner: fill with water the vessel which is to receive 
thegas.and place itover a funnel,orhoie on the shelf, in the man¬ 
ner a jar IS placed. Then take the jar N, and sink it perpendicu¬ 
larly in the water, with its mouth downwards, till it is near, but 
rather lower than the edge of the funnel; now direct its mouth up 
the funnel, and depress the upper part of it towards a horizontal 
position, and its contents will escape into thevessel intended to 
lie filled. In short, the very same position that allows a bottle 
(said to be empty because filled only w ith air) to fill with water, 
w hen held unuer that fluid, will allow the gas from the jar N to 
escape into another held above its aperture. 

It will be obvious, that the cistern L need be nothing more 
than a common tub, or any earthen w are vessel of sufficient size, 
across which a shelf can be fixed; but the cisterns used by 
lecturers are generally made of japanned tin-plate or copper, 
which have the advantage of being neat and light. 

Some kinds of gas are absorbed by water; in obtaining them, 
therefore, by an apparatus on this principle, particularly if the 
quantity of the product is required to be ascertained, mercury 
is used instead of water. When this fluid metal is employed, 
the cistern is made of the smallest dimensions possible: fig. 14 
is a section, and fig. 15, a plan of a mercurial cistern. The space 
A is for the immersion of the jar, which, when filled, is raiseciand 
placed upon the ledge, where the mercury is extremely shallow. 
C is the retort, and the process is every way the same as already 
stated, except that mercury is used instead ofwater: two grooves, 
b h, retain the shelf upon which the jar rests in filling. This shelf is 
got into it.s place by means of a wider part,seen at P in the plan,fig* 
15. Troughs for holding mercury are made ofiron, wood, or stone. 
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by guccetsiVeiy filling and invert^ tbit tittel under u buRge 
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gat at may be required. V 

To ibe extremity of the ratUH employed in obtainin 
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iog over the edge of the cittern, and directing the effluent gat 
into the jar upon the ahelf. If the beab of ja retort be long, it 
may be to placed at to convey the gat into ajar, without the use 
of a tube 01 this description; but when the matrass, fig. 8, is used 
instead of a retort, the bent tube it indispensable. 

The Gazometer, 

Veatels purposely constructed forfihe retention of gas, and for 
^cilitating the drawing of it ofi’as wanted, are called gazometen. 
They are much varied in their construction, but those on the prin¬ 
ciple weshall now describe, are amon^tthe most simple, and an¬ 
swer perfectly well: A B, fig. 1, pi. fi, is a cylindrical vessel of 
glass, or japanned tin-plate, nearly filled with water, and having a 
tube C in the middle, oMn at the top, and branching, to communi¬ 
cate with the cork D. Within this vessel there is another cylindri¬ 
cal vessel, F. generally of glass, open at the bottom, which is in- 
vaarted and suspended by the linesee, which go over the pulleys 
have weight8,gg,attached to them, to balance the ves- 
ain"r. While the ttOfHCOck D remains shut, if the vessel F be 
pressed downwards, the air included within it will remain in the 
aafaemtaation, on the principle of the diving-bell; but if the cock 
be opened,and the vesselF be pressed down,the air incl uded with* 
in it will escape through the cock, and if a blowpipe be attached 
to this cock, a stream of the gas may be thrown upon lighted char¬ 
coal or any other body. By means of the graduated rod A. the 
quantity thrown out is exactly ascertained; this rod being so di- 
Ttded as to express the contents of the inner vessel in cubic feet. 

. This instrument also answers for tHwaihing any of the gases. by 


included in the uprights tt which are made hollow, and of a size 
sufficient for that purpose. Sometimes ^so there is another 
branch from dbo bottom of the pipe, in the middle, directed to 
the il|de of the outer cylinder and coming upwards by the side 
to.ti^ top, where there is another cock attached. 

Whcp it is required to transfer ibe gas from the gazometer 

g KA jW> the crooked tube W, fig. 16, pi. I» may be adapted 
me cocbD, and the iar, previously fiUed with water, should 
hc^ under that fluid, to receive it in the same nmnner as 
If it wete received from a retort. 






























CHEMIfTRT. 


31ft 

App ww t—. 


WculfeU Apparatus, . 

For those distillations which evolved so lai^e a quantity of 
ilibtile, elastict and oden incondensible vapours, that no single 
receiver would contain them all, it was usual for the ear^ 
chemists to have the upper parts of the retorts drilled, and^ 
small stopper applied to the hole, which was opened occi^ 
sionally for the escape of the vapours that could not be 
retain^ without endangering lite retort: but by this precaii» 
tion, the certainty of avoiding an explosion was not secured, 
because the exact time of the rapid disengagement of vapour 
could not be known, while a great loss, o^n of the most 
valuable part of the products, was unavoidably sustained. To 
prevent tnis loss and risk, an apparatus, invented by Glauber, 
nut improved by Woulfe, whose name it receives, is employed; 
in this contrivance, a series of bottles or jars, communicating 
with the receiver, and with each other in succession, receive 
the volatile products; and each jar contains a quantity of wa** 
ter, in whicn the tube that brings the vapour terminates. By 
this means, all ^the vapours wliich water will condense are 
retained, and those which are of a different description, escape 
by an opening at the termination of the row of bottles. This 
apparatus, in its original form, was difficult to put together; 
several improvements of it have therefore been proposed, of 
which the following is the valuable one by Dr. Hamilton: 
A, fig. 2, pi. II. is the retort, fitted by grinding jnto a plug or 
piece B, represented at b, which last is also fitted by grinding 
into the neck of a globular receiver C. The use of the addi¬ 
tional piece 6, is to afford a due inclination to the retort, by 
an obliquity of its perforation or hole; instead of allowing it 
to remain horizontal, as it would if fitted to the hole in O, 
and also to facilitate the grinding in of a new retort in case of 
breakage. The piece b has a stopper a, which can be put in 
whenever the retort is taken out, whether for weighing or for 
any other purpose. The first receiver C, has a smaller neck 
opposite to B, which is ground into a corresponding neck of 
D, the second receiver, which last is tubulated, and has a 
tube H, open at both ends, ground into its vertical neck for 
the purpose of pimiitting absorption, and re-acting by its 
contents against the force required to protrude any gas through 
the bended tubes IKL. Every one of the range of receivers, 
EFG, has also two necks, by which they are successively 
fitted to each other, and each interior neck has a small tube 
fitted into it, which, by its curvature, reaches nearly to the 
bottom of the liquid (usually water) placed in each. By this 
disposition, the first product of condensation is generally re- 
VoL. IL- 2R 
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ceived in C, and tbe purer vapours proceeding to D» ai'e iti 
part condensed by the water placed therein, and are partly 
urged through the tube I, into contact with the water in £; 
and whatever may escape condensation in £, will be ui^^ed 
through the tube K, into the liquid in F. In this manner the 
operation may proceed through the whole set of vessels, till 
the incondensable vapour or ^as shall pass into one of the 
inverted jars at P, which are hlled with w'ater, and have their 
mouths below the surface of water in the dish at the end of 
tbe series, precisely in the same manner as permanently elastic 
gas is collected by the pneumato-chemical apparatus. When 
these jars are filled, others are successively put in their place. 

Oj' Furnaces. 

Furnaces are of two kinds; vis. blast~ftimaces and wind* 
furnaces, which are again subdivided into species, and distin¬ 
guished generally according to the use which is made of them. 
Blast furnaces are urged by the air forcibly driven from bel¬ 
lows or cylinders ; w ind-funiaces by the draught of air arising 
from atmospheric pressure. 

The furnaces employed for the purposes of a particular manu¬ 
facture are of course adapted in size and construction to their 
specific application: of these it would be useless to give the par¬ 
ticular details; hut the practical chemist, who has all kinds of 
operations to perform, often in quick succession, requires a sin¬ 
gle furnace or two by which he can obtain all degrees of possible 
heat, and adapt without dilficMlty to all his views. We shall 
therefore describe the furnace of Dr. Black, who took much 
pains to construct a furnace of extensiveutility, taking care at 
tbe same time to keep simplicity and economy in view. 

In Dr. Black’s furnace, see figs. 3, 4, and 5, pi. It. two thick 
iron plates, above and below, are joined by a thinner plate 
forming the body of the furnace, which is of an oval form. 
The upper part is perforated with two holes; the one A, pretty 
large, which is the mouth of the furnace, and which is of a 
circular form; and tlie other behind it, B, of an oval form, 
and designed for fastening the end of the vent, which is screwed 
down upon it. The undermost thick plate has only one large 
circular opening, L, fig. 5, toward the side of the ellipse, 
"where the round hole in the top is placed: so that a lino 
passing ibis circular hole has a little obliquity forwards. 

Tbe ash-pit, HH, fig. 4, is likewise made of an elliptical 
form, and a little widened, so that tbe bottom of the furnace 
It received within tbe ellipse. A little below, there is a border 
CE, that receives the bottom of the furnace; and except the 
holet of the damping plate DD, the parts are all closed by 
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means of soft lute, upon which the body of the furnace ia 
pressed down; by which means the joining of the two parts, 
and of all the different pieces, is made quite tight; for the 
body, fire-place, ash-pit, vent, and grate, are all separable from 
one another. As the furnace comes from the workman^ the 
grate F, fig. 5, is made to apply to the outside of the lower 

f iart. It consists of a ring laid on its edge, and bars likewise 
aid on their edges: and from the outer ring proceed four pieces 
of iron, by means of which it may be screwed down; so that 
it is kept out of the cavity of the furnace, and preserved from 
the extremity of the heat. Thus it lasts much longer, and is 
indeed hardly liable to any decay; for by being exposed to 
the air, it is kept so cool, that it is never hurt by the heat of 
the fuel. The sides, which are made of plate iron, must be 
luted within, to confine the heat, and to preserve them from 
its action. 

Fig. 6, is a section of the furnace: ABC, the luting; DEand 
FO, oval plates of iron at the top and bottom ; L the aperture 
over the grate above the ash-pit; O the passage from the body 
of the furnace, which is gradually curved downwards; the 
fuel is put in at the aperture K, to which a pipe is adapted for 
increasrng the draught of the chimney. 

This furnace may be adapted to the various operations of 
chemistry : for a melting furnace it is very convenient; we 
need only provide a cover for the opening above, which is 
made the door, and which, being immediately over the grate, 
is convenient for introducing the substances to Ife acted upon, 
and for allowing us to look into the vessel and take it out. 
This cover may be a piece of tile, or two bricks rendered flat 
and square : Dr. Black commonly used a kind of lid, with a 
rim containing a quantity of lute. To augment the heat, we 
may increase the lieight of the vent. It cun be employed in 
most operations in the way of assaying ; and the situation of 
the door allows us to see the substances very readily. It does 
not admit the introduction of the muffle ; but can be employed 
in all those operations where- the muffle is made use of; and 
in Cornwall such a furnace is made use of for the assaying of 
metals. To preserve the substance from the contact of the 
fuel, they cut oft' about a third of the length of a brick, and 
then put It in on one end, on the middle of the grate. They 
use the fuel in large pieces, that the air may have free passage 
through it, and open a little of the door, which occasions a 
stream of air to flow in; and this strikes upon the substance, 
and produces the effect desired ; so that it may be used in 
the calcination of lead, to convert it into litharge. It also 
answers well in operations for producing vapour. To emplov 
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it in distillations which require an intense heat, an earthen 
retort is to be suspended by means of an iron ring baring 
three branches standing up from it, fig. 6, and which hangs 
down about half a foot from the hole, so that the bottom of 
the retort rests upon the ring, and is immediately hung orer 
the fuel; and the opening between the mouth of the furnace 
and retort, is filled up with broken crucibles and potsherds, 
w hich are covered over with ashes that transmit the heat very 
slowly ; by this means it answers for distillations {performed 
with the naked fire. 

Dr. Black sometimes caused this furnace to be made with a 
hole in the side, from w hich the neck of the retort may be 
made to come out; and in this way he distilled the phospho> 
rus of urine, which requires a very strong heat. 

For distillations with retorts performed with the sand-bath, 
there is an iron pot, fig. 7, adapted to the opening of the 
furnace, which is set on and employed as a sand-pot. The 
vent of the furnace then becomes the door; and it answers 
very well for that purpose, being more easily kept tight than 
if it was in the side, and in other respects is found more 
convenient. 

In like manner this furnace answers well for the common 
still, which may be adapted to it: part of it being made to 
enter the open part of the furnace, and hang over the fire; 
and the vent becomes the door by which fresh fuel may be 
added. It is, however, seldom necessary to add fresh fuel 
during any operation. In the ordinary distillations it is nevei 
necessary ; and even in distilling mercury, phosphorus, &.c 
the furnace generally contains enough to nnish the operation; 
so efi'ectually does its construction preserve the heat from 
unnecessary dissipation. 

For luting this and other furnaces, Dr. Black found nothing 
preferable to a simple mixture of sand and clay. The propor¬ 
tions for standing the violence of fire, are equal parts of sand 
and clay; but when designed for lining the furnaces, he used 
six or seven parts of sand to one of clay. The sand settles 
into less bulk when wet, and does not contract by heat, which 
it also resists as well as the clay itself. Besides this outside 
lining next the fire. Dr. Black used another, to be laid on next 
the iron of the furnace, and this consists of clay mixed with a 
large proportion of charcoal dust. It is excellent for confin¬ 
ing the heat, and is put next the iron to the thickness of an 
inch and a half. That it may be rather dry when first put in, 
three parts by weight of charcoal dust, and one of common 
clay, most be mixed together when in dry powder, otherwise 
it is very difficult to mix them perfectly. As much water is 
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atidfMl aa will form the matter into balls; and these balls are 
beaten with a hammer, till very firm and compact, upon the 
inside of the furnace. This luting, after being dried and gra¬ 
dually heated, acquires a degree of hardness equal to that of 
freestone, and proves very lasting. 

The bars of the grate should be triangular, flat sides of 
which should form th^e bottom of the furnace within, and when 
of a large siae, they are less liable to melt if made hollow. 

Dr. Kennedy found that the greatest heat of a wind-furnace 
is within two or three inches of the grate. This distance 
therefore must be considered as the most proper for a cruci¬ 
ble. 

The height of the chimney has an important efiect on the 
draught of a wind-furnace, because the longer the column of 
rarefied air it contains, the more the air presses towards its 
base to restore the equilibrium, consequently the greater the 
quantity of air which passes through the furnace in a given 
time, and the more rapid the combustion of the fuel. 

The common furnace becomes a reverberatory furnace when 
it terminates at the top in a dome ; in consequence of which 
form, when a retort is placed within the furnace, the conca¬ 
vity of the dome reflects the heat strongly upon the upper 
side (‘f the retort, which is thus heated more equally than if 
it merely rested on the fire. The furnaces of glass-houses are 
of this description, and the same construction is also in use 
upon a small scale by chemists, as it is very useful in 
distillations. 

Charcoal is the fuel most commonly employed in small 
furnaces; it has the advantage of producing a strong heat, 
and as there is no flame, the heat is much confined to the 
body of the furnace, while the absence of smoke prevents the 
chimney from being choaked. It is, however, expensive, and 
is consumed with rapidity; charred coal or coke, may there¬ 
fore be used instead of it; this fuel is less expensive than 
charcoal, not only in the cost of an equal measure, but in 
the rate of its consumption, which is slower; it also affords a 
stronger heat. Where a uniform but not very intense heat is 
required over a considerable surface, coal is proper, from the 
flame it afibrds; it is by choice much used in reverberatory 
furnaces, and for distillations. 
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The Lamp Furnace, 

This name is given to the apparatus in which an Argand'a 
lamp is emnloycd to furnish the heat required. It is shewn at 
fig. 8, pi. li. An upright stem. A, is attached to a broad and 
heavy base F. The lamp B is affixed to this stem by a slid¬ 
ing socket, and can be fixed at any height by the screw h, at 
the back of the socket. The wires CD are in the form of a 
ring, and are fixable in the same manner as the lamp, by 
screws m n. This is a very convenient apparatus for expen> 
meats upon a small scale, whether in distilling, subliming, 
evaporating, or melting substances not very refractory. It 
will also give a considerable heat to a small sand-bath, the 
vessel for the sand being made of thin copper. The retorts 
or other vessels employed are placed upon the ring C, and 
supported, when necessary, by a string or wire from the ring 
D. Another stem G is olten employed, as the most conve¬ 
nient mode of supporting the receiving vessel. Thus in the 
figure, an intermediate receiver, H, conveys the products from 
the tubulated retort 1 to the bottle M. The same stem may 
often be made to support both retort and recipient, as XY. 

The Blowpipe. 

The blowpipe, see fig. 9, pi. II, is a brass tube by which ihe 
fiarae of a lamp or candle may be directed upon any substance 
to be operated upon. It is generally held in the mouth, and 
blown through by the breath. The bore is not more ihuii one- 
eighth of an inch at the end F, held in the mouth, and at the other 
end next the flame it is seldom required of a greater diameter 
than will adjnitapin. It is,however,usual to have several pieces 
to screw upon the extremity R, containing apertures of different 
sizes. A small bowl or cavity S, is usually formed in the in¬ 
strument, to receive and condense the vapours of the breath. 

Those who use the blowpipe, soon acquire the necessary 
art of maintaining a continual stream of air through it for 
several successive minutes. This is effected by breathing 
through the nosoi while the blowpipe is supplied by the 
breath in the mouth. To do this, the tongue must be applied 
to the roof of the mouth, so as to interrupt the communica¬ 
tion of the mouth with the passage to the nostrils during the 
time of breathing. 

The candle or lamp used with the blowpipe should have a 
thiok wick, which should be snuffed clean, and bent a little 
ibirwevde in the same direction as the passage of the breath. 
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If the aperture next the flame be round and smooth, and not 
loo large, the flame will be of a neat conical shape, and blue 
colour, at the extremity of which the beat is strongest. 

The substances to be acted upon by the blowpipe, are gene¬ 
rally bedded in hard charcoal, unless of such a nature that they 
would sink into ond blend with this material. When charcoal, 
therefore, is improper, a metallic spoon, as of copper, silver, 
gold, but especially of platina, may be used. The substance 
acted upon should not in size exceed a pepper-corn; and when 
it is refractory, a flux may be used. 

The advantage of the blowpipe consists in the facility with 
which the heat may be produced, the rapidity of the whole 
operation, and the changes efi'ected being open to ocular in¬ 
spection. To increase its utility, the object has been to ren¬ 
der the exertion of blowing by the mouth unnecessary; the 
vapour from alcohol has even been used instead of air; but 
the simplest contrivance consists in the use of bladders, from 
which the air is driven by the pressure of a weight, and which 
may be replenished by bellow8.at another aperture; this second 
aperture should be covered by a valve opening inwards. With 
a contrivance of this kind, oxygen gas may be employed in¬ 
stead of common air, by which all the eftects of the instrument 
will be prodigiously increased. 

The Thermometer. 

The thermometer is a well-known instrument for measuring 
the actual or relative temperature of bodies. Its properties 
are dependent upon the disposition of all bodies to acquire an 
equal degree of sensible boat or cold, and on the eflccts of 
heat in expanding some substances, the changes of the dimen¬ 
sions of which are examined by a scale of equal divisions. 
Mercury expands by heat and contracts by cold with greater 
uniformity than any other known fluid; it is, therefore, the 
most proper and the most commonly used for thermometers, 
which are constructed in the following manner:— 

The first requisite is a glass tube, which may be obtained 
at a glass-house. Its bore should be perfectly equal, and in 
diameter proportioned to the size of its intended bulb : if the 
tube be not thicker than a common goose-quill, a bore of one- 
twenty-fourth of an inch, and a bulb of half an inch in diame¬ 
ter, will be proper. The uniformity of the bore may be 
ascertained, by dipping the tube into a bottle of mercury, then 
closing the upper orifice with a finger, by which means the 
mercury that has entered the tube may be drawn out with it. 
Now place the tube in a horizontal position, and by inclining 
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it more or less, make the colomti of mercary occopy e^ery 
part of the tube in succession. If the mercury, in ufi parte 
of the tube, is of the same len^h, which may easily be 
known by a pair of dividers, or by two marks made on a 

{ tiece of paper, at a distance from each other equal to the 
ength of the mercary at one station, the tube may be con> 
atdered fit for use; if it will not bear this trial, it should 
be rejected, for though the divisions of the scale might be 
regulated so as to balance the irregularities of the tube, the 
trouble of doing this with precision would be considerable. 
A suitable tube being selected, one extremity of it may be 
heated, by the lamp and blowpipe, till it is soft enough to 
be hermetically sealed, which is accomplished by touching it 
with another piece of tube, twisting it, and drawing it out. 
A larger portion of the extremity must now be softened, 
when it may be expanded into a bulb by forcibly blowing 
into the tube at the other end. Another and more easy 
mode of producing the bulb, consists in tying the aperture 
of a small Indian rubber bottle to the end by which the air 
is forced in; a slight pressure of this vessel, when the other 
end is soft, will instantly attain the object, with the great 
advantage of avoiding the introduction of moisture into the 
tube. 

The mercury with which the bulb and tube is to be filled, 
should be boiled and purified as if for a barometer, (see page 
27.) In mercury thus prepared, immerse the open end of the 
tube, in a position as nearly horizontal as possible; heat 
the bulb at the same time, and the air in the cavity of the 
glass being thus rarefied, a part of it will be driven out 
tlirough the mercury, a quantity of which will immediately 
rise by the pressure of the atmosphere, and occupy its place. 
Still keep the open end of the tube immersea as before 
stated, and heat tne bulb till the mercury in it boils; then 
let it cool, and it will be found completely filled. It will be 
proper, however, once or twice more to repeat the boiling of 
the mercury, and it may then be considered as sufficiently 
dry. For the final boiling, after the tube has been filled witn 
mercury, a piece of paper should be rolled about the upper 
end of it, and tied on. in such a manner that it may form, 
above the end of the tube, a cavity which will serve to retain 
the boiling metal till it subsides. The bulb, when heated, 
abould be turned round by moving the tube between the 
fingers, to make it uniformly hot, but an empty part of the 
bulb should not come in contact with the flame, lest it should 
be melted. A small wax candle aflbrds the clearest and most 
•uit^ie flame for Uiis operation. 
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The next point to be atteodedl to is the graduation of the 
scale. It is sufficiently obvious, that the indications of the 
thermometer are merely of a comparative nature; we know 
nothing of the absolute degree of caloric in any body; but it 
auBwers the purpose of graduation, and suffices for tl^ aui> 
formity and comparison of different instruments, if any two 
points of invariable temperature can be obtained. To these 
two points any two different numbers may be affixed which 
may l>e thought eligible; and these being detennined upon, it 
follows that equal spaces above and below them will be the 
measure of equal differences of temperature. The standard 
temperatures desired, remained unascertained till the time of 
Newton, who fixed upon the temperature of freezing and of 
boiling water, and all subsequent philosophers have acceded 
to the propriety of his choice. Water always freezes at one 
uniform temperature, and boils at another, allowing it to be 
pure, and in the latter case, that the atmospheric pressure, or 
height of the barometer, is the same in all the experiments. 
Fahrenheit called the temperature at which the water freezes, 
32 degrees, and the temperature at which it boils 212 degrees; 
consequently the space between these points contained 180 
degrees. It is this graduation which is commonly used in this 
country; and which we intend for the instrument in hand. 

Take the thermometer, which is yet open at the end, and 
full, or nearly so, and plunge the bulb into water just begin¬ 
ning to freeze, or into melting snow. The point to which the 
mercury subsides, will shew tne freezing point, or 32 degrees, 
and the height of this point from the bulb will render it easy 
to estimate whether the divisions will be large or small. If the 
instrument is intended chiefly for measuring the lower degrees 
of heat, it will be proper to leave the freezing point rather high, 
as for example one-third of the length of the tube above the 
bulb ; but if intended chiefly to measure the higher degrees of 
beat, as from a summer-heat to that of boiling water, or still 
higher, the freezing point roust of course be fixed low accord¬ 
ingly. To fix the freezing point at the proper height, it will 
be necessary to drive some of the mercury out of the tube, 
which is easily done by warming the bulb; care should, how¬ 
ever, be taken to expel too little rather than too much at a lime, 
to spare the hazard of its requiring to be again filled. 

The thermometer is now ready for sealing, which must be 
done ill sach a manner as to exclude, totally if possible, the 
atmospheric air from the tube. The first step is, to heat and 
draw out the tube a little, till the bore is so fine at its extr^ 
niity as scarcely to be visible; in this state, it may be sealed 
in an instant. Now heat the bulb by one candle, while the 
40._VoL. II 2 S 
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extremity of the other end is near another candle; the mer 
cur^ will rise, and as soon as a drop of it appears as if ready 
to tall out, the candle by which the bulb is heated should be 
withdrawn, and by the use of the blowpipe the other extre 
mity should at the same moment be sealed. 

When the mercury has subsided, the sealed end may be 
strengthened by holding it again in the flame, and round¬ 
ing it. 

The operation having been well conducted, the mercury 
will freely slide backwards and forwards in the tube on chang¬ 
ing its position. 

The thermometer may now be adapted to its scale, in order 
to obtain the exact points by which the other degrees may be 
known. In the first place, it is immersed in melting snow, 
and when the mercury appears to be stationary, its heisibt 
should be marked, and will be the freezing point. In deter¬ 
mining the boiling point, the water shouhl be puri‘, for if it 
contain any mixture that incieases its density, it will acquire 
a greater than the common boiling point of water; fresh 
rain-water, or the water of clean melted snow, may be consi¬ 
dered sufficiently pun*. Another particular to b«‘ regarded is 
the atmospheric pressure; for the greater this is, the greater 
the heat which the same water will acquire before it boils, that 
is, before it is converted into steam ; the Koyal Society havi- 
determined to take the boiling point when the barometer stands 
at 29-8 inches, and a better authority cannot be followed. In 
this state of the atmosphere, therefore, the tliermometer should 
be immersed in the steam arising rapidly from boiling water. 
The vessel containing the wati.-r should be covere<l, but the 
cover should contain two holes, one for the exit of the steam, 
and the other for inserting the thermometer up to tiie place 
where it is likely to require marking. 

Two determinate points having been now ascertained, the 
whole scale may be divided with ease, for by divnling tin; 
space between the freezing and boding points into 180, the 
size of the degrees will be obtained, and the division may be 
carried as far above and below these points, as the length of 
the tube admits. 

That point in the scale of a thermometer from which the 
enumeration commences, and which is marked with a cipher, 
(0) is called the zero of that thermometer. From the zero, 
thermometers are graduated both upwards and downwards, 
unless 80 constructed that the zero is at the bulb. To express 
the numbers below the zero, the sign of subtraction or minus 
is prefixed, thus 20^^ degrees below the zero is written—20*'. 
Fanrenheit, supposing he had produced the greatest degree of 
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cold possible, by the mixture of snow and salt, made the point 
at which the thermometer then stood the zero, or the point 
which denoted the entire abstraction of heat; and the distance 
between this point, and the height of the mercury in the freez¬ 
ing mixture, being divided into thirty-two parts, the boiling 
point was of course 180 degrees higher up. But the idea of 
Fahreniieit, with respect to the greatest degree of cold, is en¬ 
tirely fallacious; we shall shortly have occasion to shew that 
much higher degrees of cold may be producetl than he ob¬ 
tained ; but here we shall only observe, that Crawford, Irvine, 
and others, consider the real zero in respect to cold to be at 
least 1200 degrees below the freezing point of water. 

As the real zero of cold is unknown, the zero of the scale 
of many thermometers in use begins differently. There are 
three thermometers besides Fahrenheit’s employed in the dif- 
fert iit countries of liurope, viz. Reaumur’s, Celsius’, and De 
Lisle’s. Reaumur’s thermometer was generally used in France 
before tlie revolution, and is still much used in other parts of 
the Continent. 'I'lie freezing point, in this thermometer, is 
marked zero, and the boiling point 80'^. To convert the 
dt‘giees of Reaumur’s thermometer into those of Fahrenheit, 
multiply them by 9, divide that product by 4, and add 32. 
Thus it the degree of I’ahrenheit corresponding to 20 of Reau¬ 
mur be rerjuircd, the formula will be 20 x 9-r4+ 32=^77*^ of 
Fall rc Illicit. 

The thermometer of Celsius, used in Sweden, and also in 
France, where it is called the centigrade thermometer, has 
tile zero at the freezing point like Reaumur, but the space 
between this point and that of boiling water is divided into 
loo degrees. To convert the degrees of this thermometer 
into those of Fahrenheit, the process is the same as before, 
except that the divi.sor must be 5 instead of 4. Thus, to 
reduce 20 of its degrees to those of F'ahreuheit, the formula 
will be 20 X 9-r5-1-32=()8. When the degrees are above the 
boiling point in these thermometers, 212 must be added in¬ 
stead of 32. 

The only two fluids generally used for thermometers, ore 
mercury and alcohol, each of which has its advantages. Of 
all ffuids, mercury is the most sensible to heat and cold ; and 
the most readily freed from air. It is easily made pure, and 
when pure is always of the same density. It sustains a hea< 
of upwards of 000’^ of F’ahrenheit’s scale, and does not become 
solid, until cooled ilown to 39^ or 40^^ below 0. With these 
pro])erties, it becomes admirably fitted for thermometers in¬ 
tended for general purposes. Alcohol has the advantage of 
expanding six times as much as mercury by the same acces- 
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sion of heat; and it bears a greater degree of cold without con> 
gelation, than any fluid adapted to tnis purpose. Us disad¬ 
vantages are, that it is diflicuit to obtain it always of the same 
degree of strength, and it is converted into vapour at a heal 
much less than the boiling point of water. When alcohol is 
used, it is tinctured with cochineal, that the space it occupies 
in the tube may be more readily seen. 

Air is one of the most expansible fluids, and it was the first 
fluid employed to form a thermometer. Air thermruneters are. 
still in use, and are constructed as follows: a glass tube, HB, 
fig. 10, pi. II, is connected at one end with a largo glass ball 
A, and at the other end immersed in an open vessel, or termi¬ 
nating in a ball DE, with a narrow orifice at 1), which vessel 
or ball contains any coloured liquor that will not easily freeze. 
Nitric acid tinged of a blue colour by a solution of sulphate 
of copper, or spoils of wine tinctured with cochineal, will an¬ 
swer this purpose. But the ball A must be first moderately 
warmed, so that a part of the air contained in it may be ex¬ 
pelled through the orifice D; ami then the liquor, pressed by 
the weight ot the atmosphere, will enter the ball 1)E, and rise, 
for example, to the middle of the tube at C, at a mean tem¬ 
perature of the weather; and in this state, the liquor, by its 
weight, and the air included above it in the tube and ball A, 
by its elasticity, will counterbalance the weight of the atmo- 
spliere. As the surrounding air becomes warm, the air in the 
ball and upper part of the tube, will expand and drive the 
liquor into the lower ball, and consequently its surface will 
descend; on the contrary, as the surrounding air becomes 
colder, that in the bail is condensed, and the liquor, pressed 
by the weight of the atmosphere, will ascend ; thus the liquor 
in the tube ascends or descends more or less, according to the 
state of the air contiguous to the instrument. To the tube is 
aflixed a scale of the same length, divided upwards and down¬ 
wards from the middle, C, into 100 equal parts, by which 
means the ascent and descent of the liquor in the tube, and 
consequently the variations in the temperature of the atmo¬ 
sphere, may be observed. Air-thermometers are in general 
constructed so as to have a range equivalent to a few degree.s 
of Fahrenheit: and they serve to shew slight changes of tem¬ 
perature in a very striking manner; on this account it is pro¬ 
per to have them in a laboratory, although they are upon the 
whole of limited utility. 
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The Piffometer. 

As the common mercurial thermometer cannot be eropWed 
to ascertain degrees of heat above 500 or 550 degrees of Fah¬ 
renheit, it is totally inapplicable to most of the operations car¬ 
ried on in furnaces and ovens: yet in a variety of manufactures 
and chemical operations, success depends upon the adjustment 
of the heat with a degree of nicety which the most experienced 
persons are incapame of determining by mere observation. 
To supply this desideratum, Wedgwood contrived an instru¬ 
ment culled a pyrometer, the ran^e of which extends to 32,000 
degrees of Fahrenheit’s scale. Its utility is derived from the 
properly which clay has of contracting in proportion to the 
degree of heat to which it is exposed. Tliis contraction is 
permanent, and a less degree of heat than that w hich the clay 
lias experienced, will not alter its dimensions. If, therefore, a 
piece of clay, of a given bulk, be exposed to the heat of a fur¬ 
nace, it may occasionally be taken out, and upon being ap¬ 
plied to a gauge, the degree of its contraction may be ascer¬ 
tained, and consequently the greatest heat to which it has 
been exposed, provided this gauge has been graduated by 
jirevious experiments. Wedgwood constructed his pyrometer 
by duly availing himself of these circumstances. 

The pyrometric pieces of clay intended to be used to any 
given scale, should be exactly of the same composition, as dif¬ 
ferent clays contract in different degrees by the same heat. To 
guard against the disadvantage of a difference, Wedgwood of¬ 
fered to the Royal Society a bed of Cornish clay, sufficiently ex¬ 
tensive to furnish the world with pyrometric pieces for ages. 

The gauge for measuring the diminution which the pieces of 
clay suffer from the action of fire, is made of two pieces of 
brass, twenty-four inches long, with the sides exactly plane, 
divided into inches and tenths, fixed five-tenths of an inch asun¬ 
der at one end, and three-tenths at the other, upon a brass 
plate; and the pyrometric pieces are made at first so as just 
to fit the wider end. The pieces of clay are generally made 
about one inch long, but if their breadth be just equal to that 
of the wider end of the gauge, viz. five-tenths of an inch, their 
dimensions in other respects are not material. 

It is obvious that, in proportion to the shrinking of the clay 
by heat, it will slide farther and farther towards the narrow 
end of the converging scale, one side of which is divided into 
tenths of an inch, and every division, of which it contains 240, 
answers to a 600lh part of the breadth of the little piece of 
clay. One degree of the pyrometer is equal to 130 degrees 
of Fahrenheit’s scale. 
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The regular shrinkiiig of clay by heat, does not commence 
at a lower degree than a red heat fully visible in daylight; and 
this heat is equal to 1077^ decrees of Fahrenheit, or about 600 
degrees above the point at which the mercurial thermometer 
terminates. It becomes therefore desirable to measure the 
range of temperature to which neither of these instruments 
’ applies; but nothing has yet been contrived which answers 
the purpose in a simple manner. 

The pyrometric pieces of clay should be exposed as nearly 
as possible to the same heat as the material, the heat received 
by which they are intended to measure. For this purpose, 
they are usually placed close to it, and in the same crucible, 
but when the contents of the crucible might adhere to them, 
they are enclosed in a small case, made of crucible clay ; and 
as they may be reduced in any degree, while their breadth is 
retained, the pyrometric piece may generally ba introduced 
without difficulty into any but very .stnall crucibles, and they 
may be disposed by the side of very small crucibles, without 
much hazard of receiving their heat materially sooner, or with 
greater intensity than the contents of the crucible. 

The pyrometric piece may be taken out of the fire during 
any period of the process, and instantly cooled in water, so as 
to be ready for measuring in the gauge in the space of a IVw 
seconds. It will not crack, expand, contract, or sustain any 
other injury; and may be immediately replaced in the strongest 
fire, to resume its office of indicating higher degrees of heat 
than what it has already been exposed to. 

The following table will give a better idea of the heats de¬ 
signated by the pyrometer, than any general remarks: 


Fabr. \V«lgw. 

Extremity of the scale of the pyrometer • • 32270® 240® 
Greatest heat of an air furnace, 8 in. square 21877 100 

Cast-iron melts. 17977 130 

Greatest heat of a common smith’s forge* • 17327 125 

Welding heat of iron, greatest. 13427 95 

Welding beat of iron, least. 12777 90 

Fine gold melts. 6237 32 

Fine silver melts • *. 4717 28 

Swedish copper melts. 4587 27 

Brass melts. 3807 21 

Heat by which enamel colours are burnt on 1857 6 

Red-heat fully visible in daylight.. 1077 0 

Red-heat fully visible in the dark. 947 —1 

Mercury boils. 600 

Water boils. 212 6,m 

Vital heat • • . 97 7^<^o 
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F*hr. Wedgw. 

Water freezes. 32 StJSj 

Proof spirit freezes. 0 

The point at which mercury congeals, con¬ 
sequently the limit of mercurial thermo¬ 
meters, About. —40 8-rlS^a 

Wedgwood found by analysis, that the clay of which his 
pyrometer-pieces were formed, consisted of two parts of pure 
siliceous earth, to three parts of pure argillaceous or alumi¬ 
nous earth. 

The use of the pyrometer shews in a remarkable manner the 
inaccuracy of the common mode of expressing the higher de¬ 
grees of heat by estimation. Thus the heat at which copper 
melts is called a white heat, though it is only 27® of the py¬ 
rometer ; the w’elding heat of iron, or 90®, is also a white heat; 
even 130®, at which cast-iron is in fusion. Is no more than a 
white heat; and 160®, and upwards, is still a white heat. 
These examples shew very clearly that the temperature of 
bodies in furnaces is raised in a manner of which we can have 
no idea, unless the materials subjected to it are such as to give 
us the necessary information. 

Miscellaneous Remarks on Apparatus. 


The list of chemical apparatus might easily be enlarged, but 
it will be more advantageous to the memory, and perhaps more 
agreeable to the reader, to combine the description of appara¬ 
tus of less general application than those already noticed, to 
the occasion for their use. Yet there are some articles which, 
under the present head, appear entitled to enumeration. It 
will be evident, that in a place where, as in a laboratory, all 
kinds of mechanical operations are occasionally resorted to, 
that a large strong table or bench is of considerable importance. 
Convenientsmall tables or blocks ofwood should alsobeathand, 
for supporting mortars, levigating stones, an an t il, &c. A 
large vice is also a machine of great utility, and the use of it 
almost necessarily implies that of hammers, rasps, files, saws, 
and other implements for w'orkingwood and metals. 

Mortars, with their pestles, are made of iron for coarse pur¬ 
poses, and for dry and very hard matters; for other occasions 
they are made of glass, Wedgwood’s ware, and agate. Levi¬ 
gating stones are best made of porphyry, but those of the 
hardest kinds of grit-stone, with a pebble muller, answer ex¬ 
tremely well. With the mortar and levigating stone, a spring- 
knife is very useful. 
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Rod« of or porcelain, or even clean straws, are used 
for stirring mixtures in glasses and other vessels. Glass and 
metal spatulas should also have their place. 

Unsized paper is employed for filtering, and when used is 
generally placed upon a funnel. A funnel, with fluted sides. 
18 more convenient for this purpose than any other. 

It is proper to have a pair of bellows, of the largest portable 
size; shovels, tongs, pokers, for managing the fire, are of course 
necessary; and tongs of diflerent shapes, for taking out cruci¬ 
bles, muffles. Sec. from the furnace, should also be at hand. 

A plentiful supply of water, fuel, and other things of con¬ 
stant necessity, need scarcely be alluded to. Distilled water 
is to be used in analyses, and all operations which are to be 
conducted with exactness. 

In such a place as a laboratory, where a vast variety of 
utensils are to be arranged, and where the eye ought to com¬ 
mand the situation of every individual article, tiie arrangement 
should be such, as to be at once commodious and easily main¬ 
tained. The rule, to let every article have one place, and4at 
one place, is extremely simple, but if rigorously observed, it 
will introduce the most serviceable order; lor whatever it may 
be that is only to have one place, the common desire to avoid 
wasting labour, will lead to the adoption of the most conve 
nient one. For example, the mortars and sieves will not be 
far separated ; and near-the vice will be placed the hammers, 
rasps, files, and other tools used along with it. In making 
this arrangement, a liberal supply of shelving is necessary; 
but hooks driven into the wail, are in some cases equally 
convenient. 

At the same time it must be observed, that it is injurious to 
the advancement of chemical knowledge, to give currency to 
the idea, that nothing can be learned or discovered, without 
the aid of an extensive and costly apparatus. Every chemist 
should himself be a good mechanic, and the resources of the 
mechanic who attends to his pursuits with his whole will, are 
often sufficient to enable him to accomplish very important 
ends at little expense, and very simple means. It has in¬ 
deed happened, that some oi the most remarkable discoveries 
have been made by apparatus of this character. In simplifying 
the means of conducting an experiment, what is merely elegant 
and convenient, should be well separated from what is absolutely 
eMential; for it sometimes happens, that nearly the whole cost 
nfan apparatus is occasioned by some remarkably exact work- 
nansbip. which though it ensures an easy and regular per- 
foitnanee. atay be dispensed with in a single private experi- 
fliant or two, without any real disadvantage. The pneumato- 
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chemical apparatus, for example, may be rendered ha^aome 
and co4t}y, or it may be construcCra as already intfraaited^ 
very economically; indeed, with every absolutely essential pfo^ 
petty, almost without the expense of a shilling to most per* 
sons, by using for the moment such utensils as neariy every 
house affords. A common tub, as before observed, or any 
wide vessel capable of holding water, will serve for the cis¬ 
tern ; a piece of any kind of board may quickly be placed in 
it, to form a shelf; a Florence flask will make an excellent 
retort, on this or any other occasion for which glass is proper; 
wine or porter bottles may be used as receivers, holes in the 
shelf, fitted with funnels, are unnecessary, as the bottles may 
receive the gas by allowing their necks to hang over the edge 
of the shelf; the bent tube cannot well be dispensed with, 
but the cost of it is very trifling, and it may be made out of 
a straight piece of glass tube, by the assistance of a blowpipe, 
or the dexterous use of a common fire, as the curve shewn in 
the plate is not the only figure that will answer; a zigzag 
figure nearly like the letter Z, will succeed perfectly well; 
even tobacco-pipes may be connected so as to answer the 
purpose. 

In operations where a strong fire is requisite, a common 
culinary fire may be converted into a furnace, by placing a 
piece of sheet iron to close up the front above and on either 
side of the top bar, and even the whole front of the bars, if a 
stronger draught still be required; the efi'ect may also be fur¬ 
ther aided by the use of a pair of portable bellows. 

Where a very intense and long continued heat is not re¬ 
quired, a tobacco-pipe may be used as a crucible; a china 
saucer makes a good evaporating vessel, and is not so liable 
to break m glass. The use of the blowpipe and the lamp- 
furnace are also attended with great economy, and little 
trouble, wherever applicable. 

A common pair of bellows may at once be made to answer 
the purpose of a blowpipe, by fixing in or against the extre¬ 
mity of the pipe any piece of metal not easily melted, and in 
which a small hole can be pierced. If the pipe and lower 
handle of the bellows be tied down to the table, one hand will 
suflice to lift the other handle, and the upper side, left to its 
own fall, will drive the slender current very steadily to one spot; 
if a fresh supply of air be required, it mav be obtained with a 
rapidity scarcely more disadvantageous tfian the inequality of 
the current from the mouth. A less quantity of air will in 
this way be efficient than when blown from the mouth; be¬ 
cause the air from the lungs has lost the greater part of its 
oxygen, and it even contains carbonic acid gas. 
lo.-VoL. TI. 2 T 
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By these*, and t great variety of otiier rcaourccs. which are 
promptly suggested to tlic active mind, and which will be 
difl'erciit witli persons in diderent situations, a dciuonstmtiuii 
of all the principal fuels of chemistry may be obtained, and 
new experiments carried into execution, in some instances 
without any real expense, and in general without much. 

Or TUB C1.ASSIFICATIOK OF SUBSTANCKS. 


All the substances in nature, when classed according to their 
apparent or sensible properties, may be considered either us 
solid, fluid, aeriform, or ethereal. But they may be dis¬ 
tinguished by any of these characters, and yet be either sim¬ 
ple or compound; to follow, therefore, such a mode of classi¬ 
fication, would not suit our purpose, as it would introduce the 
separate consideration of suostunccs so closely allied us to be 
almost identical. We shall, therefore, adopt tne more general 
division of bodies into simple and compound, commencing 
with those which deviate the farthest from the solid state. 

Here it may be proper to explain in what manner chemists 
use the term simple. They do not mean by tin? term simple, 
that the body to which it is applied is absolutely known to be 
simple; but merely that it has never been decompounded, nor 
is known to be capable of decomposition. Hence a substance 
at this time called simple, may hereafter, by more improved 
modes of analysis, be proved a compound. What modern 
chemists call simple bodies, the ancient chemists call ele¬ 
ments, a term which is yet sometimes used. 

The combination of a substance with caloric or light, is not 
regarded as removing it out of the class of simple bodies, 
otherwise we could have nothing to denominate simple. 

The substances here styled ethereal, are frequently dis¬ 
tinguished by the epithet imponderable ; but as it is considered 
a r^e which ought to be acted upon, to adopt no name which 
may induce false ideas, or is likely to prove unfounded, the 
latter term is open to objections from which the former is free; 
and, indeed, the impropriety of it seems decisively proved by 
the fact that at least one of the substances to which it is 
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Simple Substances 
lUlureal. 

Light, Caloric. 


Aeriform* 

Oxygen. 

Aeriform and Combustil/le. 
Nitrogen, Hydrogen. 

Concrete and Combustible. 

Carbon, Phosphorus, 

Sulphur, Metals. 


Op Light. 

The mechanical properties of light have been discussed in 
relation to the science of Optics; its chemical properties are 
not less extraordinary. 

Light has an influence upon almost all bodies which are 
exposed to it. It is the source of the colour of vegetables, 
and in a great measure, if not entirely, of their odour. Plants 
which grow in darkness are devoid of colour, in which case 
they are said to be etiolated or blanched. Gardeners avail them¬ 
selves of this fact to render vegetables white and tender. 
Vegetables so situated, that the light can only fall fieely on 
one side Of them, gradually turn to the light, and chiefly 
shoot out in that direction. Some, whose stems are flexible, 
follow the course of the sun during the day, and always pre* 
sent the same face towards him. 

The back, fins, and other parts of fish exposed to light, are 
coloured, but the belly, which is deprived of light, is always 
white. 

The vegetable and animal productions of tropical coun¬ 
tries, are distinguished by brighter and deeper colours than 
those of higher latitudes. The cause of this phenomenon 
must be referred to the greater abundance and intensity 
of the light, upon the action of which all colour is de¬ 
pendent. The superior strength of the perfumes, odoriferous 
fruits, and aromatic resins, of these countries, has the same 
origin. 
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All metullic oxides, but especially those of mercury, bis¬ 
muth, lead, silver, and gold, become of a deeper colour by 
exposure to the rays of ibe sun; some of them become per¬ 
fectly revived, others only partially. The yellow oxide of 
tungsten, if exposed to the light, loses weight, and becomes 
blue. Green precipitate of iron, exposed to the solar light, 
also becomes blue. 

Light has a considerable induence on the crystallization 
of salts, many of which will not crystallize nnless exposed 
to it. Camphor, kept in glass bottles exposed to light, 
crystallizes in symmetrical bgures, on that side which is 
turned towards the light; and. spirits of wine, water, Sic. 
rising by insensible evaporation in half-filled vessels, con- 
stanUy attach themselves to the most enlightened sides of the 
vessel. 


It is not to be supposed that these effects are produced by 
the mere contact of light; on the contrary, %ve have abundant 
proofs that light has the power of entering into the composi¬ 
tion of bodies, ami of being afterwards exlricuted from them 
without any alteration. A great number of substances be¬ 
come luminous after having been exposed to light; a pro¬ 
perty rendered obvious by carrying them instantly from the 
light into the dark: the diamond is a body of this kind; in¬ 
deed, if the human hand be thrust into a strong light, through 
an aperture in a perfectly dark room, it will, when drawn 
in, and the aperture closed, be plainly seen, although the 
other hand is totally invisible. In most bodies, this property 
is very evanescent, but some compositions have been dis¬ 
covered in which it possesses considerable permanency. Can¬ 
ton, to prepare one of them, directs common oyster-shells to 
be calcinea in a good coal-fire for half an hour, and then the 
purest part of them to be pounded and sifted. Three parts 
of this powder are to be mixed with one part of the flour of 
sulphur, and rammed into a crucible, which must be kept 
red-hot for an hour. The brightest parts of the mixture are 
then to be scraped off, and kept for use in a dry phial well 
stopped. Wheu this composition is exposed for a few seconds 
to the light, it will, on being carried into the dark, emit a 
aufficient light to distinguish the hour by a watch; and after 
iljdieaaea to shine, this property is recovered by again expos* 
ini^^t to the light. Bodies possessed of this property, in an 
•Oltaent degree, are called $alar phospkori; and they are fur- 
til^rfhe property, that when they have 
shine in an ordinary temperature, they will, if 
"iiMi ,mnit Ught, although tney have not been so 
to imbibe a fresh supply. Solar pbosphoriara 




cHEirfsrar. 


PtvfertiMofiiykt. 

Vehicles IQ which light can be confined, and given out, after 
a considerable lapse of time, without changing the nature 
or temperature of the substance that retained it. Thus Du 
Fay exposed a diamond to light, and immediately covered it 
with black wax i he found on uncovering it at the end of some 
months, that it shone strongly in the dark. 

Light is so constantly the attendant of combustion, that 
men can scarcely avoid the conclusion, of its being always a 
conseouence of combustion. The phenomena of the solar 
phospnori seem to militate against this idea, as they take 
place in vacuo, where there is no air to maintain combustion. 
It is evident that the light extricated during combustion, 
must have previously existed either in the combustible itself, 
or in the oxygen gas, by which combustion is maintained. 
The most probable opinion is, that it exists in both the 
combustible and the oxygen; but facts favour the opinion, 
that the light furnished by the oxygen gas is not consider¬ 
able. Those substances which combine with the greatest 
quantity of oxygen, during combustion, are not remark¬ 
able for giving out the most light, but rather the con¬ 
trary ; of which the combustion of hydrogen is an ex¬ 
ample. Hydrogen gas, in combustion, combines with more 
oxygen than any other body, but the light extricated during 
this process, is feeble. That the light afforded by oxygen is 
not the predominant source of supply, is also proved by the 
great diversity of the colours of the light given out by 
difi'erent combustibles. 

All substances, except the gaseous and ethereal, become 
luminous, when heated to about 800*^ of Fahrenheit's scale, 
in which state they are said to be red-hot, and they continue 
to be luminous until their temperature is considerably reduced 
below 800'*, whether supplied with oxygen or not; for a piece 
of iron w ire becomes red-hot in melted lead. 

Light has the pow-er of disengaging oxygen from many 
of its combinations, besides those of metallic oxides alluded 
to above. Pure, pale nitric acid cannot be preserved but 
in bottles quite full, or in the dark ; for light expels the 
oxygen, if there be any possibility for gas to escape, and 
renaers the acid yellow. Vegetables are constantly exhal¬ 
ing oxygen during the day, and constitnle one of the prin¬ 
cipal means by which the purity of the atmosphere is re- 
novat'id. 

In the solar spectrum, formed as described in treating of 
Optics, by allowing a ray of light to pass through a prism in a 
darkened room, heat and light are not present in correspondent 
degrees, those rays which illuminate the most, not being the 
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strongest in their heatin|5 power. The rays in the centre 
of the spectrum have the greatest illuminating power, as 
may be ascertained by viewing successively in each, a small 
body, such as the head of a common nail. It will be seen 
most distinctly in the light green, or deep yellow rays, and 
less plainly towards either extremity of the spectrum. If the 
bulb, previously blackened, of a small air-thermometer, be 
viewed in succession through the differently coloured rays, 
it will be found to indicate the greatest heat in the red rays, 
next in the green, and so on, in a diminisbing progression, 
to the violet. When the thermometer is removed entirely 
out of the confines of the rerbrays, but with its ball still in 
the line of the spectrum, it rises even higher than in the red 
rays, and continues to rise till removed half an inch beyond 
the extremity of the red ray. Beyond the confines of the 
spectrum on the other side, that is, a little beyond the violet 
ray, the thermometer is not affected, but it is remarkable, 
that in this place there are invisible rays, which exert all the 
chemical effects of the rays of light, and even with greater 
energy. Light speedily changes from white to black the 
fresh precipitated muriate of silver. This effect is produced 
most rapidly by the direct light of the sun; and the rays, as 
separated by the prism, have this property in various degrees. 
The blue rays, for example, effect u change of the muriate 
of silver in fifteen minutes, which the red require twenty 
m&aWtes to accomplish, and generally speaking the power 
diimidishes ws we recede from the violet extremity; but en¬ 
tirely ottt of tlie spectrum, and beyond the violet rays, the effect 
is still produced. Hence it appears that the solar beam con- 
sisbi of three distinct kinds of rays,—of those that excite 
heat, and promote oxydatidb; of illuminating rays; and of 
de-oxydizing rays. A striking illustration of the different 
powers of raese various rays, is furnished by their effect on 
phosphorus. In the rays beyond the red extremity, phos¬ 
phorus is heated, smokes, and emits white fumes; but these 
are presently suppressed on exposing it to the de-oxydizing 
rays, which lie beyond the violet extremity Gum-guaiacum 
is changed by light from a yellowish hue to green; and this 
change is, according to Dr. Wollaston, attended with an ab¬ 
sorption of oxygen; yet guaiacum becomes green in the 
fhjs beyond the violet or most refrangible, and yellow 
ik the least refrangible rays. This exception to the gene¬ 
ral effect of the rays beyond the violet, renders ques- 
ffUildffO the propriety of calling these rays de-oxy- 
^'ilthouga this term is most applied to 
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Light ftnd JheftL from %ejlr ge|k^rat« apparfiiily iMir 
mate cbonectioQ, pave oimn been noipuderea .as the sapw 
pbstanoe in different states of intensity, but the separaiitpp 
in a great measure of the rays causing light, and those caus,^ 
ing beat, in the above experiment, indicates a real difference 
in these principles. It is true, that there is none of the 
visible rays which are without the power of heating, but this 
may be owing to the imperfection of the mode of separation ; 
Dr. Herschel concludes, from experiments, that the focus of 
heat falls at some distance from that of light. The contents 
of the next section will shew the difference between light and 
caloric in many other points o'f view. 


Of Caloric. 

That peculiar substance or property of bodies which pro¬ 
duces the sensation of heat is called caloric. 

Previous to the formation of the new nomenclature, the dis¬ 
tinction between heat and its cause was found to be necessary, 
and therefore the cause was often called (as it is now some¬ 
times) the matter of heat, or igneous fluid, or simple fire ; but 
as caloric may be combined with bodies without producing 
the effects which we attribute to heat or fire, the new term be¬ 
came necessary, for the sake of greater precision; yet, to 
avoid the frequent repetition of the same word, heat, the 
effect, is often written for caloric, its cause. 

If heat be an effect of caloric, it may be inquired, what is 
caloric itself' To this inquiry it must be answered, that it is 
not known whether it is a substance which has a distinct, 
independent existence, or, like gravity, merely a property of 
matter, and consisting in a peculiar motion or vibration of its 
particles. In proportion, however, as science has improved, 
the opinion which considers caloric as a real substance, has 
appeared so much more extensively consonant with the 
known facts, than any other, that it has continued to gain 
ground. It will be useful to adopt it in this place, as it 
coalesces so well with the language which must be used in 
treating the subject; yet we may observe, that whatever may 
be thought of the nature uid essence of caloric, the narration 
of the facts which delineate its effects, ’may be perfectly well 
understood. 

It may be proper to premise, that caloric exists in two 
states, in one of which it is called lattni or combmed caloric; 
in the other, sensible of Jree caloric. Latent caloric is in 
chemical union with tlie body in which it exists, and therefore. 
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feowt^fer considerable in quantity, it malict no ^lerceptibie 
addition to the temperature of that bcMly. Sensible caloric 
is that portion of caloric which aS'ecla the senses, and which 
the body wilt communicate to others of n lower temperature. 
Latent caloric may become sensible in a variety of ways, thus 
a bar of iron, taken cold, may be hammered tdl it becomes 
red-hot; and the mixture orditierent iiigredients, at cummoii 
temperatures, will often burst into u dame. 1 he caloric 
extricated under these circuni-staucts. ccrlaiuly rtsiditi 
in the substances; but in its latent slate, or until over¬ 
come by a superior adinily, it was inert as the ucid in 
a neutral salt. \Vhen caloric becoun s uciive or seiisibb . 
it always produces heat; when it becomes latent, it produces 
cold. 


Caloric passes through all substances without eveeptMU). 
In this property, it stands alone ; eien l«i;ht. the only oih* t 
ethereal substance with which wc are aeiptiimi* d. pass* s 
through but a very small number of budn-s; thn* i^r on«-. 
among the many reasons that increase the |>rubttbiltty ui tin it 
being distinct agents. 

By the abstraction of a suflicient portion of calonc, ad 
duids become solid. Till lately, alcohol was supposed it» br 
HH exception to this rule, but it can now be Iro/eii, whuii is 
only another name* for such an abstraction of eahau u'. 
enables it to beconic suiul. Solidity is, ibertioie, the 
natural state of all subslances, and they Lneuno. tUiul onU 
when the adlnity between tin in and calorie is so gi»'at, that 
the caloric which pervades them, separate* their p.mielt s 
and lessens Uit-ir attraction ol aggregation, in a degu e ihai 
a^hni^ their easily sliding over each other. It is when this 
degree of attraction fur caloric takes place, either at or below* 
ordinary temperatures, that the term Huid is in cumnion 
Ujpguage more particularly used; at.elevated temperatures 
moot bodies become fluid, which is an additional proof of 
caloric being the cause of fluidity. 

flaidity b a medium between the solid and aeriform state. 
Fl«id« poMesa too small a portion of caloric to be paceptibly 
^flt^tic} but gases, the solid particles of which are kept at a 
diatance, by the large quantity of caloric combined w ith 
ItFt elastic in a high degree, and are therefore often 
<l|a»tic fluids. Most of these bodies are said to be perma- 
tifuitfc, because their attraction for caloric is so strong, 
I’cbnnot be procuretd alone in <t concrete state; but the 
acid ipa b an example of a gas which crystallises. 
‘*^yort*d ibto a solid at about the temperature of 
ileri iml that all the real ire capable of aisumtog a 
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concrete form, ie an unquestionable tufei^oce from ibe of 
their entering into cotubifiaUon with sol i(}«« They jeqfRbiml 
with those soliiU for which their solid partidoa have a flfpilgff 
attraction than for the caloric which retains them in the State of 
gas. A circumstance proving the large quantity of caloric C£W»- 
bined with elastic duids, is, that the condensation of them prch 
duces beat. An instance of this is shewn in the use of the 
pneumatic inHU-umenl for setting fire to tinder, see page 26. 

The sensible caloric of adjacent bodies is incessantly em 
ployed in maintaining each other's equilibrium of temperature, 
the' hottest always communicating its redundancy ip thpse 
beside it. This propensity may he retarded, but it cannpt be 
stopped; wc possess no means of insulation by which a red* 
bnt piece of iron, for instance, can be kept red-hot, except by 
constant or frequent contact with other red-hot bodies. . 

(’aloric pauM » tlirougli difi'erent bodies with difiereiitd^rees 
of facility or speed; those bodies through which it passes the 
iiiosl freely, are called good conductors; those throu^ which 
it pasves with didicully are called bad conductors* the best 
conducturs of electricity are, generally speaking, the beat O0ih» 
(luctor<; of caloric; but os caloric pervades all b^ies. it foUoiiv 
that there is no body which is a non-conductor of it- .,X 
A piece of iron and a piece of wood, after having bei^ fot 
some time exposed to the same temperature, indicate by the 
ihertnoineter the same degree of heat, but upon taking them 
in the hand, the iron feels considerably coldm than the 
wood. This is a deception; the iron is not colder than 
the wood; but we consider every thing we touch OM mdd 
or inclining to cold, which has not the aarae heat $9 the 
hand; and on the contrary, we-consider every thing hot, 
or inclining to be so, the temperature of which fxceeda 
that of the hand. The difference then between #e WOcmI 
and the iron consist* in the rapidity with which lliil plSJ®, 
from being an excellent conductor, cairiet off the heal of tibe 
hand to acquire the same quantity of caloric; wheveia the 
wood is a bad conductor, and doe* not carij off the heat of t^be 
hand so fast as it is supplied by the animal functions, for which 
reason it excites no sensation of coldnta*. The aoUsr the 
wood, the wone conductor it becoosbes. It if here anpptW^ 
that the wood and iron are at a leas de^ea of heat tb^ l^ 
human body; otberwiae the effecU would be dUTerenti jRwif 
the wood and iron be put into an oven moder3tely,.armti^, 
after acquiiihg Uie heat iff it, the voo4 may he bidd >a#e 
hand, although the iron cannot be eadultd, becfiile 
. conductors impart caloric with neady Iha aaiili rtMhaaii hr 
reluctance that they receive it. 

VoL. IL—41. 2V 
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Solid bodies aie the best conductors of caloric, and among 
solids, the metals are pre>emiaent, though not all alike. 
J>r. Ingenhouz procured cylinders of several metals exactly of 
the same size, and having coated them with wax. he plunged 
their ends into hot water, and judged of the conducting power 
of each by the length of wax-coating melted. From these 
experiments he concluded, that the conducting power of the 
metals which he examined were in the following order: 

Silver, 

Gold. 

Copper, 

Tin. 

Platina, 

Iron, 

Steel, 

Lead, 

Next to metals, stones appear to be the best conductors of 
caloric, but they diB'er considerably from each other in this 
respect. Bricks are indiBerent conductors. Glass Is nut 
a good conductor, which is the cause of its being apt to 
crack, when suddenly heated or cooled, the expansion in 
different parts being very unequal. The earthy coating which 
chemists apply to glass retorts, is serviceable in part by 
apreading more rapidly and uniformly the heat appiiej. 
Charcoal is a bad conductor; Morveau ascertained its con¬ 
ducting power to be, to that of fine sand, as two to three. 
The warmth of any article of clothing is proportionate to 
the slowness with which it conducts caloric. Uares’ fur. 
beavers’ fur, raw silk, wool, cotton, and linen, are dis¬ 
tinguished by the slowness of their conducting power in the 
order enumerated, which designates their warmth as used fv>r 
clothing. But ilm same material may be a better or worse 
conductor, accorotng as its texture is more or less loose; fur, 
for example, contains a large quantity of air in its texture, 
which ie a principal source of its warmth, air being an exceed' 
ingly imperfect conductor. 

C^nt Rumford’s investigations induced him to conclude 
that fioids are non-conductors of caloric. It may be inquired 
thbn, how the whole quantity of a fluid contained in a vessel can 
l|e heated, by the fire applied to one side of that vessel? this 
he explained by observing, that the particles of a fluid are 
perfectly at liberty to move among each other; that therefore 
the stratam of jparticles in contact with the healed side of the 
vessel, having neen rendered specifically lighter by the caloric 
they have received, rise to the suiffice, and is succeeded by 


I nearly equal. 

^much inferior to the others. 
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another ttralum of particles %vhich rises to the surface in its 
turn. Thin intestine motion continues till the whole quantitjf 
of fluid has acquired a uniform heat, and thus the whole of it 
derives an extraordinary quantity of caloric from contact with 
a conductor, and not by communication from one part of 
itself to another. It has, however, been shewn, that this 
notion of fluids is not correct; although it is admitted that 
they are very bad conductors of heat, and that it is the ready 
motion among their particles which renders this property not 
very obvious, (iases art* bad conductors in a still higher 
degree than common fluids. 

There is no eflect of caloric more universally exerted, than 
that of its dilating the bodies into which it enters. There are 
few cxcejilions to this rule, and some of the cases which appear 
such, cannot really be reckoned as exceptions; for example, 
those in which a body is decomposed, or something is sepa¬ 
rated from it. The pyroraetric pieces of clay are instances of 
this kind; the more they are heated, the more they shrink in all 
their dimensions; but this is owing to the water which is 
separated from them, and w hich cannot be done without a very 
intense heat, the last portions of water separating with extreme 
difficulty. The case of water itself approaches more nearly to 
an exception to the rule; when ice is melted, it occupies less 
space than in its solid stale; this i.s partly owing to the air-bub¬ 
bles which it contains, and partly to the crystalline arrai^e- 
raent of its particles requiring more room than before. The 
expansion of water, by the loss of caloric, coraiiiences at 42.5‘*, 
and gradually increases till it is converted into ice. When 
heated above 42.6''', it expands like other bodies. Cast-iron 
expands as it undergoes the crystallization that converts it 
into a solid, which is the rea.son that it forces itself into every 
crevice of the mould, and forms excellent castings. 

Gases arc more dilatable than other bodies by a given in¬ 
crease of temperature; liquids rank next, und solids U»e last; 
but in each of these classes, there is considerable diversity. The 
expansion of atmospheric air is eight times greater than that of 
water, and the expansion of water is forty-five times greater 
than that of iron; tlie temperature of each substance being sup¬ 
posed to be raised from 32** to212’^ of Fahrenheit. The expan¬ 
sion of bars of difierent metals by the same degree of heat, as 
taken by Ellicot’s pyrometer, was as follows : 

Gold. Silver. Brass. Copper. Iron. Steel. Lead. 

73 103 95 80 60 66 149 

If the rod 
found thiit its 


of a pendulum be made of sti^i06jaeral Boy 





338 


CHEMISTHV. 


l*r«|>*rtiM o( catoric. 


ter, wtii fimount to a second pcsr day, and yet we see by the above 
statement, that sleet is one of the least expanstbie metals. 

Didcrent bodies require diti'erent portions of caloric to raise 
them to the tame temperature; and in alt cases the quantity 
of caloric required to raise any body to a ^pTen temperature, 
is called the speafie caloric of that body; and the ca|>actiy of 
bodies for caloric is said to be greater or less, in proportion 
as their specific caloric is greater or less. 

Equal quantities of the same fluid, at different temperatures, 
when mixed together, obtain a temperature which is a mean 
proportional between the two temt>eratureH previous to the 
mixture. But as the capacity of water for caloric is three ti nies 
greater than that of mercury for caloric, if an equal weight of 
these two fluids be mixed togetlier, the temperature of the mi.v 
ture will be greater than the mean temperature, if the water 
were the hottest of the two fluid* at the time of mixture. 

It is the extraordinary quantity of caloric which some 
bodies combine with, that causes their fluidity, and the quan¬ 
tity which they require for tliis purpose, is called the cahiric 
ofjiuitiit^. Whenever, therefore, fluids become solid, their 
caioric of fluidity becomes sensible, and is employed in 
heating whatever it is in contact with. Thus when quicklime 
is quenched by water, a great heat is produced; this heat is 
from the water’s caloric ot fluidity, the solid particles com¬ 
bining with the lime, it becomes disengaged. The same 
phenomenon takes place in mi.vmg water with plaster of Paris. 
If w'e take a mi.Tture of ice and water, we shall find its tem¬ 
perature by the thermometer to be 32''. Let it be set in a 
proper vessel upon a hot fire, and it will l>e found upon repeated 
trials, that though a large quantity of caloric has entered the 
▼e*»el, the thermometer will not rise higher than 32'' until the 
last panicle of ice has disappeared. The fact is, that the 
attraction of ice for caloric is gyeater than that of water for 
caloric, and thi^etfere the water does not become hotter until 
the ice has regained the whole of its caloric of fluidity, after 
which it acquires heat in the usual manner. 

Dr. Black proved by a very satisfactory erperiment, that fllie 
quantity of cadoric of fluidity is auflicieot to raise the same 
quaxiiity of water HO*^. 

But on the contrary, when solids become fluid, or when a 
compound is formed u^ich has a greater attraction or capacity 
for caloric than its component parts before their union, ^e 
body l^ls extremely cold, until it has derived from other bodies 
thu quantity of caloric it requires to saturate it. Thus a mix- 
tme of suHetndl snow becomes fluid, and sinks the thermome- 
toauro. MinitH^s operating on this principle, and which 
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will sink a ihermomt-ter to the freezing point or lower, are 
called /W;^r//iV mixtures. Some luixturea of this kind have 
been discovered, which produce an astonisliing degree of cold ; 
an extensive table of them has been published by Walker, in 
the Philosophical Transactions, from which we shall select 
the most remarkable: 


Tabh of Freezing Mil lures. 


Ingrpdimt*. 

Muriate of ammonia 

Nitre .. 

Water... 

Muriate of ammonia, 

Nitre... 

Sulphate of soda ... 
Water . 

Sulphate of soda ... 
Diluted nitric acid 

Sulphate of soda . 
MnrtaUc acid ... 

Snow •«•• . 

('ornmon salt ... 


Puti of eocli. 



I } 
1 S 


Snow or pounded ice. 

('oinmon £>alt. 

Snow or pounded ice. 

Common salt. 

Muriate of ammonia and nitre .. 

Snow or pounded ice. 

Common salt. 

Nitrate of ammonia. 


1 S 


1 

o 
5 

12 

s. 




A 


Snow and diluted nitric acid.... 

Snow . 

Diluted sulphuric acid ........ 

Diluted nitric acid .. 

Snow..... 

Diluted sulphuric acid . 



TWrinomHer •ink*. 

Prom 6(1*^ to lO*’’. 

P'rorn 60 to 4. 

From 60 to 3. 

From .60 to 0. 

P'rorn 32 to 0. 

P'roin 0 to —6. 

From —6 to —18. 

From —18 to —26. 
From 0 to —40. 
From —10 to —60, 

Fiom 20 to —00. 


The acids employed in these fre<?zing mixtures operate by 
causing n rapid solution of the salt. It appears by experimeuls 
made subsequently to the above, that caustic potash and 
muriate of lime produce a greater degree of cold than any other 
bodies. IVo parts of tlie first shouhl be mixed with three of 
the latter. The use of these salts has this further advantage. 
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that they may be restored after an experiment, to their solid 
state by evaporation. Five pounds of muriate of line will 
freeze ttiirty-five pounds of mercury. 

The salts employed in forming freezing mixtures should be 
newly crystallized, and reduced to fine powder just before 
they are used. The snow should be that winch has recently 
fallen, light and dry. The vessels eiiiployeii for the mixture 
should be very thin, and the ingredients should be mixed 
together thoroughly and with celerity. 

Salts depriveti ol their water of crystallization produce heat 
instead of cold, and the reason for using them fresh, is, that 
they may contain the greatest possible quantity of the water 
of crystallization. 

When deprived of the water of crystallization, the salts jiro- 
duce heat, because part of the water is converted into a solel 
state, but when containing this water, it produces cold by the 
quantity of caloric it requires for its caloric t>f tlunlity. 

The tendency of caloric to maintain an equiiiiinum. iiuii- 
cates that its particles are repulsive of each other, t^aloru: 
has indeed been suppO!»t*d to be the only repul.Mve power in 
nature, and therefore the cause of repulsion tit vvhati ver form 
it presents itself; hence caloric may be the cause that the 
particles of bodies are never in absolute contact, because they 
attract a certain quantity of it svith greater force than their 
own particles. 

It has been ascertained by a great number of ingenious 
experiments, that the more bodies are heated, the less they 
weigh, and vice ver$u, the colder they can be made, the heavier 
they are. This fact appears to disfavour the hypothesis that 
caloric is a real substance, but it has been well accounted for 
on the principle of repulsion. Bodies which are extreiin ly 
hot, must repel each other, and be repelled by the earth, more 
than those which are cold; hence their gravitation must be lu 
some degree diminished, which is equivalent to f4ating that 
they weigh less Uian at other times. 

If a bar of iron, or any other good conductor, be heated in 
the middle, and plact^d in a horizontal position, each end will 
become equally hot in the same time; but if the bar thus heated 
be placed vertically, the upper extremity will acquire a greater 
ana more lasting heat Uiau the lower one. It appears then that 
caloric has a constant tendency to ascend; a projierty which we 
may expect, if the preceding position be true, that it is repelled 
by the earth. It is to this ascending power of caloric, that a 
quantity of ice placed on the surface of a vessel of hot water 
j^resenUy melts; but if confined at the bottom, the period of 
melting it delayed in the proportion of one to eighty. For this 
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reason when steam is employed to heat water, it should enter at 
the bottom, and when to heat rooms, the pipes'should be 
horizontal. 

Caloric is reflected from bright and shiningbodies, apparently 
with the same regularity as light. A piece of iron, heated in so 
low a degree that no light radiates from it, even in a dark room, if 
set in the focus of a concave metallic mirror, will rcPect the radi¬ 
ating caloric to another mirror of the same sort placed opposite, 
and a piece of phosphorus, placed in the focus of the second 
mirror, will be consumed. The temperature of the mirrors is not 
increased during this operation; the whole of the incident 
caloric appears therefore to be reflected. If glass mirrors be 
t mnloyed, the phosjihorus will not be kindled, but the caloric 
will be employed in raising the temperature of the glass. 

Probably the sun is the sole original fountain of caloric, as of 
light, hut when we consider the supplies obtained by abstract¬ 
ing c.-iionc Irum its combinations, it is specified as derived 
besides from the following sources; combustion, percussion, 
friction, and the mixture of diftVrent substances. The facts 
relative to friction are not the least curiou.s. Count Rumford 
having fitted up an apparatus tor the purpose, found that a 
blunt borer, pressing with a force equal to 10 ,(MK> pounds 
avoirdupois, upon the bottom of a hole in an iron cylinder VJ 
inches in diameter, and 9^% inches long, after making 9ti0 re¬ 
volutions, at the rate of 32 in a minute, cau.sed a heat at the 
bottom of the hole that raised the thermometer frombO'* to 130"^, 
The quantity of metallic dust or scales produced by this fric¬ 
tion. amounted to 837 grains. Now if we w ere to suppose that 
all the caloric was evolved from these scales, as they amount¬ 
ed to just 5 ]^ part of the cylinder, they must have given out 
948^^, to have raised the cylinder one degree, and consequently 
0(>,360‘', to raise it 70^, or to ISC'-', which is certainly incre¬ 
dible. To examine the subject further, the cylinder and borer 
employed in this experiment were included in 18.77 pounds 
avoirdupois of w ater. At the commencement of this exoeri- 
ment, as in the former one, the thermometer was at 61 )'^. Alter 
the cylinder had revolved for an hour, at the same rate as be¬ 
fore, the temperature of the water was at 107*^; in 30 minutes 
more it was at 178*^; and in two hours and 30 minutes, the 
water actually boiled. According to the computation of Count 
Rumford, the caloric produced would have been sufficient to 
heat 26.58 pounds avoirdupois of ice-cold water boiling hot; 
and it would have required nine wax candles of a moderate 
size, burning with a clear flame all the time the experiment 
lasted, to have produced as much heat. In this experiment, all 
access of water into the hole of the cylinder, where the friction 
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place, w«« preeeiited. But in another experiment, when 
the water was allowed free access, the result was same. 
Experiments more decisive of the large quantity of caloric 
evolved by friction, can scarcely be desired; but there arc 
other proofs of the same fact, abundantly familiar to ail, in 
rubbing together diderent substances. It is well known, that 
two dry pieces of soft wood, rubbed hard togctlicr for some 
time, will take fire, and that carriage wheels sometimes take 
fire by the friction of the axle-tree on the nave, in all these 
and similar cases, the question is, whence does the caloric 
rise? This dtfhculty has never been solved; but Count 
Rumford was induced to conclude, from his experiments, 
that caloric w'as not a real substance, but a peculiar kind 
of motion: yet as all other phenomena are consistent with 
the materiaJ existence of caloric, and as the accumulation 
of caloric by frictiou is far from shewing the actusl existence 
of it to be impossible, this opinion can only be considered as 
gratuitous. Dr. Thomson suggests, that an agent well known 
to be evolved by friction, and which, producing many of ilie 
phenomena of caloric, is doubtless combined with it, may be 
concerned in the present case. This agent is electricity; but 
the conjecture can tfuly be duly appreciated by the light of 
future investigations. 

No body has been found that will not admit of variations 
of temperature, and as this susceptibility clearly indicates their 
union witli caloric, which cannot take place without they have 
an affinity for it; it may, therefore, he concluded, tout all 
bodies have an affinity for caloric. This affinity or union, is 
alurays, or at least in general, of a chemical nature, for it is 
atteoded with the grand characteristic of chemical union, vix. 
it destroys the identity of the ingredients. Water is not more 
changed by the addition of different doses of an acid, ilian 
bodies by the addition of different quantities of caloric; 
although small alterations in either case escape observation. In 
ectreme cold, steel becomes nearly as brittle as glass; and ail 
the metals lose their malleability; it is to caloric then that 
malleahility is owing; thus by a large addition of caloric, 
iron becomes soft, and by a fuller addition still, it becomes 
ffnkU Upon this and similar bodies, caloric alone produces 
no farther change; but water, after having been rend^d 
fiiud by it, is by a certain farther addition converted into 
stemn or vapour, which possesses the power of indefinite 
expansibility by further additions of caloric. The sams kind 
of eaqanmibility distinguishes all other elastic fluids, which are 
sQlidRpi iea in union with caloric. Hence it must be obvious 
mmik Is required to be done, Wascertain the efiecta of 
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caloric in all their diversities; and it adds prodigiously to the 
vaiiety of cases which occur in researches on this subject, that 
the affinities of caloric are the weakest of all that are known to 
exist. 

OxvcnN. 

Oxygen is the name given to the solid particles of oxygen * 
gas, which is a combination of oxygen, caloric, and light, 
ami is the simplest form in which oxygen can be obtained. 
Oxygen is called the mdicul or base of the gas; and the same 
mode of expression is used in other cases. 

Oxygen gas was discovered by Dr. Priestley, on the Ist of 
.August, 177-4. It is invisible, perfectly elastic like common air, 
and possesses neillier taste nor smell. It is 740 times lighter 
than water. Its weight to atmospheric air, is as 1103 to 
1000. 

Oxygen enters into chemical combination with a great 
number of substances, in which it exists in a concrete or solid 
state; it is by the application of heat, or of acid.s, to some ol 
the substances ronlaiuing it, that w'c usually procure it in the 
O.rm of gas. Ingenhou/. obtained from |pur ounces of nitrate 
of potass, melted with a little slacked lime, 3(X)0 cubic inches 
of this gas. Let any (juaiility of this salt be put into an 
earthen or iron retort, to the extremity of wliich is adapted a 
bent lube, terminating in the pneumatic trough. The retort 
must be gradually made red-hot, when the oxygen gas will be 
rapidly disengaged, and will be very pure. An old gun-barrel, 
with the touch-hole riveted up, is often used instead of a re¬ 
tort ; only a small part of tne lower end of the retort is 
filled with the nitrate of potass. In the use of a gun-barrel, 
there is some danger of an explosion, which often occurs unex¬ 
pectedly, some time after it has been taken from the fire, if the 
residuum be disturbed in attempting to clean the tube. Retorts 
used in this experiment, are cleaned with difficulty. 

When considerable quantities of oxygen are'Acquired, the* 
black oxide of manganese is most frequently used, as it is the 
cheapest article that can be employed, and supplies the gas in 
a good degree of purity. The manganese is put into an iron 
retprt, which is made red-hot, and the gas is collected by the 
pneumatic apparatus, as in using nitrate of potass. One pound 
of the best manganese will yield upwards of 1400 cubic inches 
of the gas. The retort is easily cleared of the manganese 
when the experiment is ended ; and if the manganese that has 
been once used, be exposed for some time to the air, it xvill 
serve again ; but the cl^pness of the article renders this of 
little consequence. 

41.—VoL. H. 
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tr diluted tulphurio «cid be added to mangtneee^ a Maea 
Tetort may be used, and the beat of an Ar^d lamp will be 
aulBeieiit to diaengage the jma tn abundance. 

Red oxide of mercury, and of lead, yield oxygen in the aame 
manner aa manganese. 

Oxygen gas may also be obtained with the greatest facility 
and purity, from hyner-oxy^muriate of potass. A small retort 
must be partly filled with this salt, ana exposed to the heat of 
^ melts, and oxygen is extricated in abundance, 

aa it la held by this singular substance in a state of great cou- 
centratioo, and l^ a eery weak affinity* 

Oxygen may likewise be obtained from tbe green leaves of 
plants; a beli-glasa, or receiver, filled with water, is inverted 
on a dish of the same fluid; some fresh green leaves are intro¬ 
duced under the glass, and the whole apparatus is set in the 
direct rays of the sun; oxygen gas is disengaged from the 
leaves, and rises to the top of the iar. This is too tedious a 
process for supplying a quantity of oxygen, but it shews the 
eflect of the rays of light on vegetables. 

Atmospheric air contains about twenty-two parts in the 
hundred of oxygen gas, and it is remarkable, Uiat this pro¬ 
portion is very neany Rie same in all situationsin the 
most crowded city and on the open plain, in tbe deepest 
valley and at the greatest heights. The importance of it will 
appear obvious, when it is observed, that animals cannot 
breathe, without destruction, any air or gas which does not 
oontain oxygen; that they cannot live without air, nor can 
they live if obliged to breathe the same air for any length of 
time. The reason is, that the oxygen in air is, in respiration, 
absorbed by the animal system, and when tbe quantity of it 
contained in any portion of air which an animal is obliged to 
breathe, is consumed, sufifocation ensues. 

Oxygen is also the sole supporter of combustion; tbe same 
air which will not anpport life, will not support combustion, 
and nice emd; as both combustion and respiration consume 
the tame component part of the atmosphere 
If oxygen oonstitote the vital part of tha atmosphere, in 
which it exiete only in the proportion of twenty-two parts in 
the hundred, it may be inquired whether 0ie most beneficial 
i^eots would not follow, if tnis proportion could be increased? 
A little investigation will shew tne error of thia opinion. Pure 
jmspi is too ipreat a stimulant; a sparrow confined in ajar of it, 
wifi live conaidershly lopger than in tbe same quantity of atmo- 
eplMM tir, but even if continually supplied with pure oxygen, 
m fill be iliortened. Dr. Hi 2 g% having caused a young 
iuaii tifbroathh pure oxygen gat tW a few mmatef, his puke. 
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which at firet wu at 64, soon increated to 120 bei^ in a 
minute. To tnch an acceleration of the powera of life, we 
should speedilv fall victims; but under meamal direction, pure 
oxygen, or a larger proportion of it than naturally exista in 
the atmosphere, has oeen administered for a short time with 
the happiest effects. 

The acceleraUng effect of pure oxygen on aniipal life, may 
be inferred in a sUil more remarkable manner, from its aston* 
ishing effects in accelerating combustion; the exhibition of 
which affords some of the most brilliant experiments in the 
compass of chemistry. A wire not hot enough to kindle phos¬ 
phorus in atmospheric hir, will set Ere to it^ if it touch it in 
oxygen gas; and a piece of tinder, lighted only by a spark, 
will, in the same gas, set Ere to steel, as if it were the most 
combustible material. Fill a receiver, open at the bottom, 
with oxygen gas, and place it over a dish containing mercury; 
introduce under the jar, a piece of phosphorus, which will 
immediately rise to the top of the mercury; take a hot wire, 
and without removing the jar out of the mercury, touch the 
phosphorus with it, by passing it through the mercuiy. The 
phosphorus will immediately bum with a flame of prodi¬ 
gious intensity. After the combustion, the interior surface of 
the glass will be covered with a white crust, which will be 
found to be phosphoric acid, and the mercury will have risen 
in the jar above its level at the outside. In this process the 
oxygen gas is decomposed; at a certain degree of heat, phos¬ 
phorus has the property of attracting the base or solid parti¬ 
cles of this gas, and the new compound is phosphoric acid, 
that is, a composition of the two simple bodies oxygen and 
phosphorus. The light and caloric which kept the oxygen 
in a gaseous state, together with part of the light and caloric 
of the phosphorus, is disengaged, in the form of what we call 
fire. When the experiment is conducted in Such a manner 
that the products can be weighed, it is found that the phos¬ 
phorus consumed, and oxygen absorbed, are exactly equal to 
the acid obtained. If the oxygen is pure, and the whole quan¬ 
tity is not consumed, the remaining portion will be unaltered, 
which is a proof that nothing has escaped from the phospho¬ 
rus by which any change is produced. 

All combustible bodies combine with oxygen, for their com¬ 
bustibility is nothing more than the power of forming such a 
combination. The product of the combination differs accord¬ 
ing to the nature of the material, and Uie quantity of oxygen 
with which It is combined. 

To effect the combustion of sulphur in oxygen gas, take a 
jar« filled with the gas, Ind open at the bottom, from the shelf 
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of the pneumatio trough, by slipping it on ton dish eoiitflloin<r 
water; it may then be conveyea to any convenient table* The 

i 'ar should have a stopper at the top; from a cork which is 
mown to fit it. should be suspended by a wire, at a distance 
equal to about three-fourths of the depth of the jar. a small 
plate of copper, in a horizontal position, and the wire should 
oe affixed from the circumference, and not from the middle of 
the plate. A small piece of aulphur may be laid upon the plate, 
and kindled by means of a candle and blowpipe. The cork 
with its appendages may then be substituted for the stopper of 
the jar; auring this operation, in the undisturbed atmosphere 
of a room, the oxygen will not escape, on account of its gra¬ 
vity. After its immersion, the sulphur immedistely burns 
with a beautiful blue dame. When the fumes have disap¬ 
peared, the water at the bottom of the jar will be found tu 
nave an acid taste; it will turn blue vegetable colours red, 
and edervesoe with carbonated alkalies. It is therefore an acid, 
and as it is comjwsed of sulphur and oxygen, it is called the 
su/phuric acid. It is found by experiments conducted for the 
purpose, that the water has gained a weight equal to the 
sulphur and oxygen consumed. 

All acids are lonned by the combination of oxygen with a 
diderent base; oxygen was therefore at one time considered 
the acidifying principle, but recent discoveries have shewn 
that it also contributes to the formation of alkalies. 

The combustion of charcoal in oxygen gas may be edected 
in a similar manner to dial of sulphur, the charcoal being set 
on fire by a small piece of tinder. 1'he charcoal burns with 
vehemence, and throws out strong scirjtillations. with a bril¬ 
liant light. When the combustion is over, the jar is still 
found to contain an elastic fiuid, whose properties are very 
did’erent from those of oxygen. It is found to be an acid, and 
as it is formed by the union of carbon and oxvgen. it is cuIUmI 
cartninic acid ga$. Its properties w ill come under consideretiou 
in a subsequent section. 

The well-known combustibility of the substances w hich have 
hitherto been directed to be consumed in oxygen gas, may 
render less striking the powers of thia duid tfran they wouhl 
otherwise appear; this impression will be removed by attending 
to the combustion of iron or steel. A jar of oxygen, as in the 
former experiments, may be provided ; a slender piece of iron 
or steel wire is coiled in the form of a bottle screw, and but 
ItUle larger, by wrapping it round a rod of wood or metol. 
One end of the wire thus coiled should be fixed in a cork which 
will fit the jar containing the oxygen gas; the other end, which 
ehoui4 iuiRg down so as to enter the jar perpendicularly. 
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fthottid bare a nmall piece of tinder attacbed to it.' The tinder 
most be lighted, and tbe wire quickly introdnced into tbe 
oxygen, by 8ttbstitQtin|; the cork to which the wire is attached 
« for ^le stopper of tbe jar. The tinder is consumed in an int 
stant, and the deflagration of the wire immediately Ibttows. 
An intense light, with sparks, consisting of melted globnles of 
the metal, are thrown out. and it foims, upon the whole, a 
more striking appearance than the combustion of any of the 
substances before mentioned. A watch-spring may he con¬ 
sumed in this way with great facility; it should be pointed at 
the part where it is connected with the tinder. In this expe¬ 
riment, the iron is actually reduced to a state of fusion, and this 
cannot be etf'ected except at a temperature of above 20,000 de¬ 
grees of Fahrenheit. The jar, therefore, unless open at the 
bottom, should contain water to the depth of two inches, to 

E revent the melted globules from breaking it. If the iron which 
as been thus burnt be collected, its weight will be found to 
exceed that which it had before the experiment, and this ex¬ 
cess of weight is just equal to that of the gas consumed- In 
this state of its combination with oxygen, it is called oxide of 
iron; it has lost all its metaliic properties, and approaches to 
the state of an earth. 

All the metals combine with oxygen, and fonn oxides, but the 
facility with which they combine, is very difl'erent. With most 
metals the combination goes on at common temneratures, and 
witliout any perceptible disengagement of hgnt or caloric. 
All that is ID ordinary speech called tarnish or rust, is the 
combination of oxygen with the metal thus acted upon, and 
the rusts of the various metals are their oxides. 

The action of a current of oxygen upon the metals may be 
agreeably shewn by using the metals in the state of filings. 
FW this purpose, the oxygen should be inclosed in a bladder, 
to the neck of which a small tube is adapted. The filings 
should be laid upon an ignited piece of charcoal, and by 
pressing the bladder a current of o.\ygen will be driven upon 
them. The filings of iron, copper, xinc, and antimony, afford 
a more brilliant exhibition than other metals. 

If alighted candle be let down into oxygen gas, it will burn 
with a rapidity proportionate to the effects of oxygen in other 
cases of combustion : if it be drawn up, and the name blown 
out, on letting it down again, it will be perfectly lighted from 
the spark of Uie snuff'. 

These examples sufficiently shew the power of oxygen in 
accelerating combustion; it may also be inferred from them, 
that whenever oxygen gas becomes concrete, caloric is disen¬ 
gaged, and is received by the nearest conductors. It is on this 
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principle that amnui heal it aocouuted for: ta reaiaratiim, 
there ta a real oonaumpiion of oxygen, which ia ahaorbed hy 
the bieod; to the blood, therefore, meet be oommniiutated a 
certain portion of beat, which ia out by the oxygen gM • 
on iti entering into a new combination. Hence the eoMer the 
aeaaon or the climate, and the denaer the air, the more oxygen 
ia inhfried, and the more heat ia generated in the body. In 
breathing pnre oxygen, an increaae of heat in the liinga ia 
very perceptible, in the formation of mat, and in other canea, 
in which the caloric cannot be detected, the aiowneaa of the 
proceM accoonta for the difference. 

On reviewing the properties of oxygen, it moat be evident, 
that if the atmosphere consisted either chiefly or entirely of 
it, the present system of nature in other respects could scardy 
have existed; a spark would have set the world on fire, witct 
a fervency producing its certain destruction. We shall next 
have occasion to treat of the fluid by which oxygen is di* 
luted. 


Or Nitxogsn. 


Atmospherical air, after its vital qualities have been ex 
bauirtnd by combustion or respiration, leaves a residuum, 
whidb is elastic and invisible like itself, but wholly incapa¬ 
ble of supporting life or fire. Upon examination, it is found 
to consist, with some admixture, of a gas which is now 
called nitrogen go*. On the first framing of the new nomen¬ 
clature, it was called am^iic gas, from one of its powers of 
extinguisbiag life; but as it only bad this property in com¬ 
mon with afi other gases devoid of oxygen, the present 
term hat become generally adopted as preferable, being 
derived from its exclusive property of forming the base of 
nitric acid. 

Nitrogen gas ia most easily described by including many of 
its negative qualities; it has no taste; it neither reddens vege¬ 
table blue colours,nor precipitates lime-water; it is absorb¬ 
ed by water. It unites to oxygen in several prqporitona; it 
nlso unites to hydrogen* Though incapable of being breathed 
alone, its base, nitrogen, is a component pari of all animal 
snbstances. It is lighter than oxygen; Dr. Black found that 
a yeseel of 1000 cubical inches, which will contain 316 troy 
of atmospheric air, will contain 336 of oxygen gas. 
^^!y 297 of nitrogen gaa. ^ 

gas may be varionaly obtained; agreeably 
made above, if the oxygen be exlrac^d from 
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«tr, Uiis snbstonee will remain; and will gene- 
itfijr lie very pare, nnleat the oxygen has been extracted by 
resptraiioB. If Iron filings and sulphur, moistened with 
* water, be pat into a jar containing atmospherical air, this 
will, in a day or two, be all the air that remains in the 
far, as the oxygen will be absorbed by the iron and sulphur, 
rhosphorus, or sulphuret of lime or potass, inclosed with 
dommon air in ajar, will produce a similar efiect. 

Nitrogen gas may likewise be obtained from animal sub¬ 
stances. For this purpose, put some small pieces of lean 
muscular flesh into a retort, and cover them with weak nitric 
acid. The heat of a lamp will extrfi^te the gas, which may 
be collected by the pneumatic apparatus. 

It has been conjectured that nitrogen is not a simple sub¬ 
stance, but no experiments have decisively proved this- 

Atmospherical air contains 78 parts in the hundred by 
measure of nitrogen gas; the *22 remaining parts, or oxygen, 
being thus largely diluted, becomes proportionately less intense 
in its stimulating efl’ects, and fit for the purposes of life, the 
length of which is increased by this source of moderation in 
its course. By mixing pure nitrogen gas and oxygen gas in 
the proportions just mentioned, a gas having all the proper- 
itea of atmospheric air is the result. 

Though animal life cannot be sustained for a moment by 
nitrogen gas; yet it is congenial to vegetables, and appears 
to be a part of ihci* food ; th‘ey derive it from its combination 
with oxygen in atmospheric air. 

There are two other gaseous combinations of nitrogen with 
oxygen, besides that which forms atmospherical air:—nitrous 
oxiim and nitrous gas; these we shall notice hereafter; al¬ 
though the proportions of their component parts differ but 
little, the difference in their properties is very great. 


Of Hydrogen. 

The third and last substance, which, in its simplest form, 
can only be obtained iu an aerial state, is callea hydrogen. 
This gas has long been generally known by the name of 
injlammabte air; it is the gas which miners call the Jire 
damp. 

Hydrogen with oxygen forms water; and it is by the de¬ 
composition of water that chemists obtain it in the greatest 
abundance and purity. For this purpose, iron filings or turn¬ 
ings, or granulated tine, are put into a retort, and covered with 
iuTphuric acid diluted with tour times its w'eigbt of water, A 
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vio|ent effenresceiice ensues,»large quantity of gaa it evolved, 
and issuing from tbe beak of the retort, is collected in tbe 
usual maimer by the pneumatic apparatus. In this experiment, 
the acid is not decomposed; it is the oxygen of tbe water with • 
which the acid is diluted, that seixes upon and oxidizes the 
metal, and the hydrogen in the same portion of water being 
then disengaged, passes o^?er in the state of gas. The hydro¬ 
gen obtained by using zinc is the purest \ that obtained by 
using iron generally containing some carbon. 

The process Just described is the readiest for obtaining this 
gM, but it is evolved in every instance in w hich metals are tar¬ 
nished or rusted by moisture, and it may be obtained in great 
quantities, by causing the vapour of w ater to pass throu^ an 
iron tube, or through a tube of a»iv kind, containing a cod of 
iron wire, heated to ignition. The tiperalioii is generally 
conduftted by the use of a furnace, provided with small holes 
opposite each other, to admit the tulm to pass through it. 

Hydrogen, like o.vygen and nitrogen, is invisible, elastic, 
and inodorous; but the last quality it seldom pt'H\cssc8,bccauso 
it is very seldom perfectly dry. and when it contains water in 
soluUon, like alkaline suiphurels, its odour is considerably 
fetid. It getierallv contains half its weight of water, anti 
when it is received over water, its volume is one-eigluh larger 
than when received over mercury. 

Hydrogen ga* is the lightest uf,|dl subs^nces, except light 
and caloric. Wlien pure, it is nearly 13 times lighter than 
common air. It is this extreme levity which occasions its 
utility for inflating balloons. To shew its levity, lecturers 
frequently flU soap bubbles with it. and these ascend in the 
air with rapidity. A bladder, fllled with the gas, has a 
tobacco-pipe fltted in its neck ; the bowl of the pipe is dipped 
into a lather of soap, and being then taken out, the bladder 
is gently preased, and a bubble being formed and detacbed in 
tbe usual manner, it instantly ascends. 

Hydrogen gas is incapable of supporting life, but may be 
inbaled and exhaled a few times without any fatal efiects; 
it it returned by the lungs unaltered, and does not ttherefore 
ap|>ear to be positively noxious, but only operates by exclod- 
oxygen. 

Although to currently called inflammable air, hydrogenjgtt 
it not capable of being burned, or of supporting combustion, 
ujqlim 9»yg®®i present ^ a lighted taper introduced into it, 
instancy goes out. If a bottle filled with hydrogen gw, be 
fixed,, W presenting a lighted body to its opened neck, tiits gas 
lambent lame, till entirely consumed. If the 
be pftviously mixed with a quantity of atmospheric 
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air on presenting the taper, the combustion takes place at once 
with a loud explosion. Piiatre de Rozier, whose memorable 
death has been mentioned in the article on Aerostation, haYtng 
mixed pure hydrogen gas with one-ninth of atmospheric air, 
began to respire tlie mixture; and .when he attempted to set 
it on fire, an explosion which had almost depived nim of life, 
instantly ensued: the sensation he experienced at the moment, 
appeared to him as if all his teeth were blown out; his temerity, 
however, at this time, occasioned him no permanent injury. 

Considerable <^uantitie8 of hydrogen are often liberated in 
mines, and catching fire after their mixture with atmospheric 
air, they occasiou dreadful explosions. If oxygen is mixed 
with the hydrogen, instead of atmospheric air, the explosion 
is still more violent. When the combination is made for the 
purpose of experiment, two parts, by measure, of hydrogen, 
are mixed with one of oxygen, and the bottle in which the 
mixture is made should at least be entirely enveloped in a 
handkerchief, except at the neck, to confine the fragments, if 
it should be broken, as it generally is; if the bottle be entirely 
covered with strong cord tied round it, it may escape fracture. 
The explosion of Uie gases thus mixed, may be shewn very 
effectually by means of the bladder and pipe for filling soap- 
bubbiex with hydrogen; for if the mixture be employed in¬ 
stead, the bubbles will explode on a lighted candle being pre-> 
seated to them as they ascend. If bubbles be formed on the 
surface of the lathersin the bason, by increasing their number, 
and firing them, the loudness of the report may be increased 
at pleasure. 

That water is in reality the union of oxygen and hydrogen, 
is proved not only by these gases being obtained by its de¬ 
composition, but by reversing the experiment, and producing 
water from the gases themselves. Fifteen parts, by weight, 
of hydrogen, being mixed with 85 parts of oxygen, and re¬ 
tained in a close vessel, if the hydrogen be fired by the elec¬ 
tric spark, the gases will be converted into water, the weight 
of which will be equal to that of both the gases employed, and 
ibe gaa^ dlsapppear. It is inferred, that in all cases of the 
combustioh of hydrogen, water is produced ; and as a proof of 
this, it is found that, in the experiment described above, for ex¬ 
ploding the mixed gases, tlie bottle, though perfectly dry within 
before the explosion, is bedewed with moisture after it. 

T^beoil and resin of vegetables are derived from the decompo¬ 
sition of water; and composts are partly beneficial as manures, 
from the hydrogen furnished in the process of putrefaction: if 
the compost be kept till this putrefaction is nearly over, its 
value is materially fessened, as the hydrogen flies ofl’. 

41.—VoL. a, 2 Y 
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Hydrogen combinet with a large«K]oaniity of oxygen than 
any other body; lU combastion, therefore, when mixed with 
oxygen, nroducea a more intense heat than any other coinbuB> 
tioa- This may be shewn with a bladder filled with oxygen 
and another with hydrogen, by causing a stream from each 
bladder to |>ass through a tube upon a piece of ignited char- 
coel, or any other burning combustible. Each of the bladders 
should be furnished with a stoixook. snd as there is some 
risk of a violent explosion, bladders may be used with more 
propriety than any other vessels. 

Hydrogen is capable of combining with sulphur, phosphorus, 
carbon.arsenic; and these compounds are respectively dis* 
tinnished by the terms sulphuretted hydrogen, pliosphuretted 
i^drogen. carburetted hydrogen, anu arsenialed hydrogen. 
The fiame which it yields in combustion, is difierently tinged 
aocoi|^ing to the substance combined with it. Fire-works have 
been eoiwtmcted. in which the diversity of colour in the fiauie 
was produced by an attention to this property. 

Pit-coal, by distillation, affords carburetted hydrogen, which 
is employed in what are called the gas lights. The coal thus 
dimiiied is not lost, but is converted into coke, which is as 
valuable as the coal from which it was produced. 

Solpburetted hydrogen has an offensive smell, resembling 
rotten eggs; it is produced by dissolving the sulphurcts in 
aeidt i raat diiwngaged by the sulphuric acid burns with a 
blue fiame; that produced by t'.ie niUiu acid, burns with a 
yellowish white ffame; the latter acid disengages the largest 
quantity of the gas. 

. PhoepbureUed hydrogen, which has also a strcmg fetid, 
patrid amell, may be oWtoed by boiling in a retort a little 
phosphorus, with a solution of potass. 4? this gas comes in 
coi^ct witli the air, as it escapes from the retort, it takes 
fire, and a dense, conical wreath of smoke rises from it. It 
explodes if suddenly mixed with oxygen, oxy-muriatic acid, or 
nitrous oxide gas. The ignis fatuus, or jack-with-a-lantern. 
ia aUriboted to the disengagement of this gas from the putrid 
effluvia common in the swampy places where that phenomenon 
is observed. 

i. Arsenisted hydrogen may be obtained by adding sulphuric 
ueid. diluted with twice its weight of water, to four parts of 
giunubtled xinc and one of arsenic. Two parts of this gas, 
witli one of oxygen, will explode loudly, ana the products are 
W ffl ir usd urseniotts ucid. 

4 
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Of Caebon. 

Vegetablei^ when bnnit or distilled in close vessels, till their 
volame parts are entirely separated, leave a black, brittle, and 
cineroos residuum, whicn constitutes the greater part of the 
woody fibre, and is called charcoed. Charcoal contains a por- 
tion of earthy and saline matters, but when entirely freed Irom 
these and other impurities, a solid, simple combustible 8ub> 
stance remains, which is called carbon. 

Carbon exists naturally in a state of greater purity than it 
can be prepared by art; the diamond is pure carbon crystal* 
liaed. The diamond, when pure, is colourless and transparent; 
it is the hardest lubstance known, and as it sustains a consi¬ 
derable degree of heat unchanged, it was formerly supposed to 
l>e incombustible. It may, however, be consumed by a bum* 
ing-glass, and even by the heat of a furnace. The difficulty 
of burning it, appears to rise from its hardness; for Morveau 
and Tenuant have rendered common charcoal so hard by ex¬ 
posing it for some time to a violent fire in close vessels, that 
It endured a red heat without catching fire. Common char¬ 
coal contains only <54 parts of diamond, or pure carbon, and 
3ti of oxygen in every 100. 

The common charcoal of commerce is usually prepared from, 
young wood, which is piled up near the place where it is cut, 
in conical heaps, covered with earth, ana burnt with the least 
possible access of air. When the fire is supposed to have pe¬ 
netrated to the centre of the thickest pieces, it is extinguished 
by entirely closing the vents. When charcoal is wanted very 
pore, the product of this mode of preparing it will not suffice; 
for the manufactory of the best gunpowder, it is distilled in 
ilx>n cylinders; chemists prepare it in small quantities, in a 
crucible covered with sana, and after they have thus prepared 
it, they pound it, and wash away the salts it contains by mu¬ 
riatic acid; the acid is removed by the plentiful use of water, 
and afterwards the charcoal is exposed to a low red heat. 
Pure charcoal is perfectly tasteless, and insoluble in water. 

Charcoal newly prepared, absorbs moisture with avidity; it 
also absorbs oxygen and other gases, which are condensed in 
its pores, in quantity loany times exceeding its own bulk, and 
are given out unaltered. Fresh charcoal, allowed to cool with¬ 
out exposure to air, and the gas then admitted, will absorb 
in the following proportion : one part of charcoal will absorb 
2.25 times its bulk of atmospheric air immediately, and .75 
more in four or five hours: of oxygen gas about 1.8 imraedi- 



354 


CHEMISTKr. 





ately, and slowly 1 more: of nitroglki gas 1.65 immediately: 
of nitric oxide B.5 eery slowly: of hydrozen gas abonl 1J9 im¬ 
mediately : carbonic acid gas 14.3 immediatmy. Hie greater 
part of tnese gases are expelled by a heat beiow 212^, and a 
portion eeen by immerting the charcoal in water. Hiese ab> 
sorptions are promoted by a low temperature; but at an ele¬ 
vated temperature, charcoal has such an affinity for oxygen, 
that it will abstract it from almost all its eombinationa. Uence 
its utility in reviving metals. 

Fossil coal, and adl kinds of bitumen, contain a large qsmn- 
tity of carbon : it is also contained in oils, resins, sugar, and 
animal substances. 

Charcoal is one of the most unchangeable substances; if 
the access of air be prevented, the most intense heats have no 
other effect than that just mentioned of hardening it, and ren¬ 
dering its colour a deeper black. Insoluble in water, and 
incapable of putrefaction, it undergoes no change by mere 
exposure or age; and stakes, snd other materials of wood 
which have been charred, or superficially converted into char¬ 
coal, have been preserved from decay for thousands of years; 
the ancients availed themselves of this mode of preparing 
stakes which were to be driven into the ground for founda¬ 
tions and other purposes. 

The combination of carbon with various substances, are 
called carburets. Steel is a combination of iron and carbon, 
in which the proportion of carbon ts very smalt—only about a 
two-hundredto part; it is to its carbon that it owes its valu¬ 
able property of admitting to he tempered, of which we have 
fully treated in vol. I. Cast-iron contains more car^n Iban 
steel, but this difference is not the only cause of the difference 
of the properties of iron in the two states; from its carbon, 
however, casi-iiflii- admits of being made hard or soft, nearly 
in the same manner as steel. Plumbago contains 90 parts of 
carbon, and but 10 of iron; it is from this excess of carbon, 
called a hvper~tarbufrt ef ir<m. The name of black-lead, 
which it IS roost generally known, is evidently improper, as it 
contains not a particle of lead. On the contrary, the con¬ 
nexion of plumbago with iron might he inferred nwn its re¬ 
semblance in some respects to tnst kind of csst-iron which 
contsins most carbon ; their fracture is much alike; aiwl xefy 
flue filings of the iron tinge the hands nearly in tbe.'iatne 
mtuiner as the powdered mumbago. Yet cast-iron seldom 
contains more than a forty-fifth of its weight of esrbon;. 

Cbarcoal possesses the 8itigtt|i|property of combining With, • 
Mid destroying, the odour, cololir, and taste of various soh- 
stMteoi. Putnd snd stinking water may be rendered sweet 
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hy filtering it through idiarcoai>powder, or even by agitation 
with it. Common vinegar boiled with ebarcoal>powder, be> 
conies perfectly limpid. Saline solutions that are tinged yel> 
low or brown, are rendered colourless in the same way, so that 
they will afford white crystals. Malt spirit may be fre^d /rom 
ita disagreeable flavour by distillation with -ebout of its 
weight of charcoal. Tainted vessels, after having been well 
scoured, may have every remaining taint removed by rinsing 
tliem out With charcoal powder; and this powder will also 
restore tiie sweetness of flesh-meat but slightly tainted with 
putridity. As a dentrifice, charcoal, in the state of an impal¬ 
pable powder, is unrivalled, at once whitening the sound teeth, 
and sweetening the breath by neutralizing the fetor that arises 
from those which are carious, or from a scorbutic state of the 
gums. 

When charcoal is burnt in oxygen gas, nearly the whole of 
it disappears; it is converted by its combination with the oxy¬ 
gen into an aeriform fluid, which, having the properties of an 
acid, is called carbonic acid gaa. It contains 28 parts by 
weight of charcoal, and 72 of oxygen in every 100. It was 
discovered by Dr. Black, in 17oo, and the discovery con¬ 
stitutes a memorable epoch in tlie history of chemistry, as it 
was attended with so clear a demonstration of the fact, that 
gaseous substances could become concrete, or form a part of 
solid substances, and that, on the contrary, solid substances 
could assume the gaseous form. 

Carbonic acid gas is nearly twice as heavy as atmospheric 
air, and it may therefore be poured from one vessel to another, 
or retained in a cask and drawn off like other liquors. Though 
invisible, yet if contained in a glass, the presence of something 
different from common air may be discovered by lighting a 
piece of paper, and puttiiig it into the gl<^x, the light will 
instantly go out, and the smoke becoming^entangled in this 
heavy gM, will shew the quantity of the gas that may be pre¬ 
sent. The extinction of fire by this gas is instant and com¬ 
plete; and when by any accident it is breathed, it prevents the 
power of speech, and rapidly destroys life. As it is evolved 
in the process of fermentation, it is often present in vats, 
and the public journals frequently record instances of persons 
who have incautiously descended into these vessels to clean 
them, perishing from its baneful effects in a few moments. 

Carbonic acid gas is always the result of the combustion of 
charcoal, which cannot b&,t|mrnt in a close apartment, without 
imminent hazard of suffoc^jfian to the persons present. This 
gas is often contained in deep old wells, and places which 
nave been long closed; wherever it is suspected to exist, it 
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will be proper to introduce a lighted candle, and if that bum 
as usual, no danger need be apprehended; but if it be extin¬ 
guished. it may oe taken for granted that the air is unfit to 
breathe. A quantity of water, particularly if mixed with 
quicklime, wilt, if thrown into a suspected place, absorb the 
carbonic acid which may be present. Carbonic acid gas con* 
stitutes what miners call the choke damp. 

Carbonic acid, though so deleterious when breathed, often 
forms a palatable wholesome ingredient in food, as it pos¬ 
sesses the strongly antiseptic properties of carbon, its base. 
Hence the actd taste of Pvrmont, Spa. and other mineral 
waters; hence the sparkling and agreeable briskness of fer¬ 
mented liquors, sucii as beer, cider. &.c. Yeast, from the 
large quantity which it contains of it, has performed wonderful 
cures in putrid diseases. The atmosphere contains a very 
small portion of this gas, the use of %vhich may be to neutmlhr,e 
the putrid miasmata continually dying about. Water may by 

I iressure be caused to combine with nearly three times its own 
)ulk of carbonic acid gas. 

The combinations of carbonic acid with other substances, 
are called carbonaies. Common chalk, lime-stone, and marbles, 
are all carbonates, and in their chemical composition differ 
but little from each other. Carbonic acid gas may he ob¬ 
tained from any of these, bv putting them into a retort in 
powder, and pouring upon tlliem a diluted acid, for examfdc 
the sulphuric. The gas must be collected by the pneumaiii* 
apparatus. A cubical inch of marble contains as much ciir- 
bontc acid, as, in the state of gas, would till a vessel of six 
gallons. 


SvLPuua. 


Sulphur, or brimstone, is a well-known substance, of a 
yellow colour, brittle, moderately hard, devoid of smell, but 
not entirely so of taste. Its sjiecific gravity is 1J90. It is a 
non-conductor of electricity, and therefore becomes electric 
by friction. 

Sulphur is extensively disseminated, and is obtained abun¬ 
dantly, both in a state of purity, and from its oorabinationt 
with other substances, it flows from volcanoes, and is sub¬ 
limed from the earth in some parts of Italy. It is comlwned 
more or less frequently with most ores, and is procured in 
large qsaAtitiet from some of them, particularly those of iron 
and copper. In the Ule of Anglesea* it is sublimed from 
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the copper ore, and collected in lar^e chambers, which are 
cooiiected with the kilns by means ot horizontal flues. 

Sulphur unites with most of the metals, rendering them 
brittle, and increasing their fusibility. It is soluble in oils, 
and by beat in alcohol, but water has no immediate action 
upon it. Hydrogen gas dissolves it. and is then called sal* 
phuretted hydrogen. This gas is evolved during the putrefac* 
tioii of animal substances. Sulphur unites witli phosphorus 
by heat; but with charcoal it does not combine. 

If a bar of iron or steel, at a white heat, be rubbed with a 
roll of sulphur, the two bodies combine and drop down toge¬ 
ther ill a fluid state, forming sulphuret of iron, a compound of 
the same kind as the native sulphuret of iron called pyrites, 
and which, from its abundance, supplies much sulphur- 

If potass or soda be melted by a moderate heat, with equal 
parts ol sulphur, in a covered crucible, it forms a substance, 
which, after cooling, is of a liver-brown colour. These 
compounds are respectively called the sulphuret of potass 
or soda. 

Orpiinent, or king’s yellow, is a sulphuret; it is composed 
of arsenic and sulphur. V«jrmilion is the red sulphuret of 
mercury. 

Sulphur sublimes at the heat of 170*', and is collected in 
the form of what are called //oims of sulphur. If heated to 
165*^, it becomes very fluid, but by a continuance of the heat 
its fluidity diminishes, and it even becomes thick; on being 
allowed to cool, its former fluidity returns before it becomes 
solid. If as soon as the sulphur has begun to congeal, the 
inner liquid part be poured out, the internal cavity will ex¬ 
hibit long needle-shaped crystals of an octahedral figure. 

If sulphur be burnt in closed vessels, it is entirely dis¬ 
sipated m fumes or vapour- These fumes, which consist of 
sulphur and oxygen, are acidulous, and are called llie sul- 
phuric acid. 


Phosphorus. 

Phosphorus is a yellowish, transparent substance, of the 
consistence of wax. It is luminous in the dark at common 
temperatures, and at 67® it emits a white smoke; it is rapidly 
consumed at 122®. It is preserved by keeping it in water; 
the water has, however, the eflect of rendering it opaque, and 
even exposure to light alters it in some degree. 

Phosphorus was originally prepared from urine, by a tedious 
and disagreeable process, but Qann, a Swedish chemist, having 
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dtteovered il}«t it existed in bcmeir^t it now prepmed from 
this ci«us of iMMlieo. Tb« bones are caleined till tbev oeaae 
smoke* alter wbicb tbcw are redueed to a fine (mwder* $s 
powder is put into a glass vessel, and sulphuric acid gradtt> 
aldy ponied upon iW till tlie farther addition of acid uccasiotts 
no txtxication of air*biibbles. This mixture is largely diluted 
witb water, well agitated, and kept hot for someliours, it is 
Iban filtered, and afterwards evaporated slowly, till a quantity 
of white powder falls to the bottom. This powder by a 
aeicond filtration is separated and dirown away. The evapO' 
ration is then resumed; and whenever any white powder ap' 
pears, tlie filtration must be repeated in order to separate it. 
During the whole process, what remains on the filter must be 
washed with pure water, and this water added to the liquor. 
The evaporation ts continued till all the moisture disappears, 
and notiiing but a dry mass remains. This mass is put into 
a crucible, and kept melted in the fire, till it ceases to yield 
a sulphurous smell; it is then poured out. Wheu cold, it 
resembles a brittle glass; it is pounded in a glass iiiurUr. 
and mixed with one-third by weight of charcoal-dust. This 
mixture is put into an earthenware retort, to which is adapted 
a receiver, containing a little water. In a short time after 
the retort and its contents have become red-hot, the phtw- 
phorus slowly passes into the receiver drop by drop. It is 
generally formed into small cylinders, by moulding it under 
lukewarm water, in glass tubes; or 1^ putting a cork into 
the extremity of the pipe of a glass tunnel, into which hot 
wwter may then be poured, and the phosphorus being dropt 
m, will mould itaelf. From the remark made above, respect¬ 


ing fibe low temperaUirc at which it burns, it is necessary 
take great cere that none of it adheres to U»e hand, especi¬ 
ally under the nails, whence it would be with dilHcuUy ex¬ 
tracted, as the heat of tlie body would kindle it, and it burns 
with mttreme ardour. If, however, it be thoroughly mixed 
wab several times its bulk of hogs* lard, it may be held in 
the band without injury 

» Pbospborus possesses a prodigiotm divisibility; a quarter 
iof a grain having been administered in some pills to a person 
j sifio wras afterwards opened, all the internal parts were found 
V iwilwi luminous, aud even ^ bands of the person wbo per- 
the operation, acquimid tbe same appearance, rboii- 
pjhmnia has been administered by the French phyaicia^^ in 
^iMiPWsqptive cases, in which it appears to have naa a reviving 
nfilMtl SMi the patients, without raisiog tbs pulse in tbe same 
in cases of malignuut feymrs, and to stup the 
pfogififil of gutgieiie, it baa a&ositGoeeded beyond aU hopes: 
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but except in imall quantities* and in a state of extremely 
minute fumion* it is a certain poison; and should never be 
administered internally* except under the strictait medical 
inspection. 

Phosphorus combines with oxygen, Wdrogen* nitrogen, ftui' 

E hur, most of the metals, and some of the earths. By com<> 
ining with oxygen, that is, after combustion* it forms phos* 
phoric acid. When the phosphoric acid is combined with 
any substance, that substance is called a phosphate. The 
phosphorus in bones is in the state of phospate of lime. The 
combination of phosphorus with iron forms that kind of iron 
called cold-shortf which is brittle when cold, though malleable 
when heated. 

Phosphorus rubbed in a mortar with iron filings, takes fire 
instantly. Phosphoric match-bottles are prepared by mixing 
one part of flour of sulphur with eight ot phosphorus. If a 
very small quantity of this mixture be taken out on the point 
of a match, and rubbed upon a cork or any similar body, the 
match becomes lighted. 

Phosphorus, surrounded by cotton rubbed in powdered 
rosin, and placed under the receiver of an air-pump, takes fire 
after the exhaustion, and exhibits a beautiful appearance when 
the air is gradually re-admitted. 

Of Metals. 

The metals, from their extensive and diversified utility, are 
amongst the most interesting classes of substances existing. 
They are supposed to be simple bodies, and not a single fact 
has ever been ascertained which shews that they can be con¬ 
verted into each other; yet to accomplish this, the alchemists 
exhausted their estates and their lives. 

The metals are distinguished by their possessing all or the 
greater part of the following properties; hardness, tenacity, 
lustre, opacity, fusibility, malleability, and ductility ; and they 
are excellent conductors of caloric, electricity, and galvanism. 

Metals are generally found in mountainous countries ; they 
are sometimes met with in a state of purity, and are then said 
to be found native: but they are mostly combined with other 
bodies, and when.combined with other bodies in such quantity 
as to be worth separating, the substance is called an ore of the 
metal it contains. 

All the metals arc susceptible of crystallization; the easiest 
mode of obtaining their crystalline form, is to let out the 
middle part just after they have begun to congeal: the interior 
of the crust thus left, assumes a crystalline foini. 

42.— VoL. 11. 2 Z 
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The metals are fueible at very difoeat temperatimei^ mef- 
cury, for eiampie* doea oot beoooie aoUd, uaieaa eeoled dewn 
and platina is not softened by the heat at whk^ cast- 
iron runs like water. 

Metals differ from each other as much in hardness as in 
fusibility. Kirwan has adopted a very simple mo<ie of shew¬ 
ing their comparative hardness by figures ; we shall adopt his 
plan» which he thus erplains: 

3. Denotes the hardness of chalk. 

4. A superior hardness, but yet what yields to the nail. 

5. What will not yield to the nail, but easily, and without 
grittiness to the knife. 

6 . That which yields more difitcuhly to the knife. 

7. That which scarcely yields to the knife. 

H. That which cannot be scraped by a knife, but dc^ not 
give fire with steel. 

9. That which gives a few feeble sparks with steel. 

10. That which gives plentiful, lively sparks. 

Great specific gravity was formerly considered as one of the 
chief characteristics of the metals, the lightest metal being 
about twice as beavv as the heaviest body of any other sort; 
but the discovery of^several bodies, which possess all the cha¬ 
racters of the metals, excepting weight, and which cannot 
therefore be omitted in the list of metals, has caused great 
specific gravity to be no longer distinctive. 

if a metal be exposed to a heat which will keep it in foaion, 
it may, without suffering sny alteration but that of its figure, 
^which will adapt itself to the vessel,) be kept any length of 
lime in that state, provided the access of aiir to its surface be 
entirely prevented. But if the fusion be conducted in open 
vessels, the turfsce of the metal loses its metallic brilliancy, 
and if its apparent scum be removed, another is toon formed, 
until the whole of the metal disappears, end instead of it we 
have an earthy opaoue powder wnich soils Uie hands. Upon 
collecting ana weigning this powder, it is found to be heavier 
than the metal from which it was produced. This process 
was by the ancient chemists called ernkmatim,, and the product 
of it we called a taU ; they knew not Uie cauwe of it* and irore 
therwfoi’e wholly unable to account for the ioorease of wemiit 
which they obtained by it; but the modems having thoroaghly 
iovefiligated the subject, consider aH metals as combmi^ble 
bodies; that in the operation just described the metal hwi suf* 
fared combostion, and that therefore the oxygen of the araso-' 
sphere has combined with it, as it combines with all othw 
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bodi^ dttfing^eombostion, and that ilia solely from tbe oxygen 
absorbed that its additional weight is derived. In pro<^ of 
thw» tliey btid by suitable experitneOia. that the oxygeb" ab¬ 
sorbed is exactly equal to the weight acquired; and au^ii^that 
when the oxygen is taken away, by presenting some substance 
for which it has a greater .affinity, the metal acquires all its 
original properties, and becomes of the same weight as at first. 
Hence for the vague term calx, the modern chemists used the 
word oxide, to denote the earth-like combination of a metal 
with oxygen; atid the act or process in which this change 
takes place, is called oxidation. 

Oxygen will not combine with metals in all proportions, as 
acids will do with water, but only in one or two, or at most a 
few proportions. When the proportion of oxygen varies, the 
oxide of the same metal assumes different colours; the colour 
is therefore selected to distinguish these differences: hence we 
have the tfcUow oxide of lead, the red oxide of lead, &c. When 
the oxygen which converts a metal into an oxide, is supplied 
by an acid, the name of the solvent, as well as Uie colour of 
the oxide, is sometimes given, thus we have the Wii/e oxide of 
lead buf f Af acetous acid. 

Some of the metals are so much disposed to oxidation, that 
they become oxides at ail temperatures; iron is a metal of this* 
description; the rust to which it changes in air or water is its 
red oxide. 

if the oxide of a metal be exposed to a strong heat, it vitri¬ 
fies, or is converted into a substance resembling common 
glass; the substances employed for enamel painting, for co¬ 
louring glass, and for glazing earthenware, are mostly prepared 
firom metallic oxides. 

If any of the malleable metals b6 hammered, its combined 
oalorio becoming sensible, renders it hot, and passes off to 
surrounding bodtes; the,metal at the same time is rendered 
denser, harder, more rigid, and lin general more elastic. A 
portion of the caloric, to which, in common with other bodies, 
metals owe their softness, appears to be driven out of it; for 
its former state returns by heating it to ignition. Rolling pro¬ 
duces the same effect as hammenng. 

The metals combine with each other, and besides oxygen, 
with tile simple substances, sulphur, carbon, and phosphoru." 
When two metals are combined together, the mixture is calktl 
an alley of that metal whose weight predominates. 

Previous to the year 1730, only eleven metals were known, 
the list is now increased to thirty, chiefly by recent discoverie.'^, 
and the probabiliW is very strong, tl>at there exists a much 
greater number. The metals may be divided into two general 
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classes;—the maUeaVle and thehriute; thehritliriiMtals may 
be fiirtber subdirided into those which aiw easily fused, ana 
those which are fused with difficulty. We shall emimeralethma^ 
in each of these dasMS, in the order of their specific grarity. 


I. MatkM Metah. 


1. Platina, 

2. Gold, 

3. Mercury, 

4. Lead, 

5. Palladiuni 

6. Silver, 

7. Nickel, 


8. Copper, 

9. Iron, 

10. Tin, 

11. Zinc, 

12. Sodium, 

13. Potasium. 


II. Brittle Metah, fused without difficulty. 

1. Bismuth, 3. Antimony, 

2. Arsenic, 4. Tellurium. 


Brittle Metals, of dij^ult Fusion. 


1. Tungsten, 

2. Uranium, 

3. Rhodium, 

4. Cobalt, 

5. Molybdenum, 

6. Manganese. 

7- Tantaiium, 


8. Titanium, 

9. Chromium, 

10. Colutnbium, 

11. Cerium, 

12. Osmium, 

13. Iridium. 


Platina* 

The specific gravity of platina, after hammering, is 23.000. 
It therefore bolds the pre-eminence of ail bodies in point of 
weight, and it has other extraordiaary properties. 

It is incspable of tamis^g by exposure to the air. The 
strongest mineral acids have no effect upon, it, if emptied 
separately, nor will the strongest fire melt it, unless urgea by 
oxygen gas; a crucible of it not thicker than a sheet of paper. 
wiU endure the heat of the best furnace, and come unaL 
tdred. When intensely bested, it possesses, like tr^, the 
property of welding, out the labour of working it is very 
ipreat. Its hardness it 7.5. Its colour is between that of 
and stiver. 

Platina waa unknown in Europe before the year 1741, when 
m qnhwtil^ of it was brought by Charles Wood, from J««aio«, 
It was supposed to be found only in the gdd mines 4n Peru, 
but Vsnquelin has met with it-in Spain, in the mines of Gun- 
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daivoftoal. lit; Btiae# in the lau^gut^e of Peru, signifies Utile 
tJMl OA iUb,great sitecifiiD gravity ascertaliied; at> 
tempts wets nmde to prevent aetf testgo|o should be ad^| 
teraled vsitb it It w .never been met with except 
metallic state, in the form of smooth grains of all sixes 
that of a pea, but very seldom larger. 

Flatina may be fused by a powerful homing glens; but its 
total infusibility by ordinary means, has causeaHrarious pro> 
cesses to be resorted to, for obtaining it in a solid, malleable 
state. For this purpose it must be dissolved in an«^acid ; 
oxy>muriatic acid and nitro-muriatic acid both dissolve it. 
The latter acid should consist of one part of nitric, and 
three of muriatic acid. The solution is very corrosive, and 
tinges animal substances of a blackish brown colour; it affords 
crystals by evaporation. Count Moussin Pouschiu directs 
malleable platina to be prepared from its solution as follows : 
Precipitate the platina by adding a solution of muriate of 
ammonia, and wash the precipitate with a little cold water. It 
is red-coloured, which distinguishes this metal from gold. 
Reduce it in a convenient crucible to the well-known spongy 
metallic texture, wash the mass obtained two or three times 
with boiling water, to carry off any portion of saline matter 
that may have escaped the action of the fire. Boil it in a 
glass vessel for about half an hour, in as much water mixed 
with one*ienth part of muriatic acid, as will cover it to the 
depth of about half an inch. This will carry off the iron that 
might still exist in the metal. Decant the acid water, and 
edulcorate or strongly ignite the platina. To one part of this 
metal take two parts of mercury, and amalgamate in a glass or 
porphyry mortar. This amalgamation takes place very readily. 
The proper method of conducting it, is to take about two 
drachms of mercury to three drachms of platina, and amal¬ 
gamate them together, and |o this amalgam may be added 
alternate small quantities* of pl^ha and mercury, till the 
whole of the twp metals is combmed. Several pounds may 
be thus amalgamated in a few hours, and in the large way 
a proper mill might shorten the operation. As soon as 
the amalgam of mercury is made, compress it in tubes of 
wood, by the pressure of an iron screw upon a cylinder of 
wood aoapted to the bore of the tube. This forces the 
superabundant mercury from the amalgam, and renders it 
solid. After two or three hours, burn upon the coats, or in 
a crucible Imed with charcoal, the sheath, in which the amal¬ 
gam is cootaiimd, and urge the fire to a white heat; after 
which the platina may be taken but in a very solid state, fit 
to be fprgea. 
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The (iucUlity of piatiaa is sooh, Uiai it bSabeon drawn into 
wire of less than the two^ihousandth part of an inch in diame' 
ter. This wire admita of being ftaUened»aQd is stronger ihati 
tjbat of gold or silver, of tlie same thickness. 

Platina will not combine with gold escept in a violent beat. 
When not more than ^V^li of the alloy is platina, tlie gold is 
not perceptibly changed in colour; but if the pro{>ortion be 
materially greater, the paleness of the gold betrays its impurity. 
Added in the proportion of one-twelfth to gold, it forms a vel- 
lowisb-white metal, highly ductile, and so elastic, that Hat¬ 
chett supposed it might be used for watch-iprtngs and other 
purposes. Its specific gravity was 19.013. 

It also requires a violent heat to make platina and silver 
combine; the silver becomes less white and ductile, but 
harder. If the two metaU be kept for some time in fusion, 
they separate, and the plaiiua, from its greater weight, sinks 
to the bottom. 

The alloy of copper and platina is hard, yet ductile, while 
the copper is in the proportion of Uirce or four parts to one. 
This alloy is not liable to tarnish, especially when the platina 
predominates, and it is therefore excellent for the specula of 
reflecting telescopes, as platina takes an excellent polish, and 
reflects a stogie image; the addition of a little arsenic improves 
this alloy, flut copper is much improved, in colour, grain, ami 
susceptibility of polish, when the platina is only in the pro- 
|K>rtion of a tenth or a fifteenth. 

Alloys of platina with tin or lead, are very apt to tarnish ; 
that with lead is formed at the strongest heat; it i» not dnctil*-. 
and the lead is not absorbed by the cupel, unless it is in excess, 
and even then the separation of the lead is not complete, 

Platina unites easily with tin; the alloy is very fusible, but 
its grain is coarse and brittle; it is ductile, when the propor¬ 
tion of tin is large; it becomes y#sHow by exposure to the air. 

Zinc renders platina mote fusibte, and forms with it a very 
hard alloy; the xinc cannot be entirely sepamted by beat. 

Bismuth arid anliuiony likewise facilitate the fusion of pla¬ 
tina, with wliidh they form brittle alloys, and are not wholly 
separated by heat. Arsenic has the same eflect as these 
metals in promoting its fusion. • . 

Platina has not been untied to forged iron, but witb east 
iron it forms an alloy which resists the file. v- ' 

If phosphorus be thrown upon red-hot platina, the w^tal is 
fuiocCaiid forms a phosphuret. which is of a silvery wbite« very 
biritUe,'Rnd hard enough to strike fire with steel. As lieat 
ex#*ls the pliosphorus, Pelletier proposed Ikia a* aii eaey 
flietliod of purifying platina; but he afterwards found that 
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iiie last portions of phosphorus were retained by too strong 
an affinity. 

SeTerai of the metallic salts decompose the solution of 
muriate of platina. Muriate of tin is so delicate a test of it, 
that a single drop, recently prepared, gives a bright red colour 
to muriate of platina, which before this addition is so clear as 
to be scarcely distinguished from water. 

If the nitro>muriatic solution of platina be precipitated by 
lime, and the precipitate digested in sulphuric acid, a sulphate 
of platina will be formed. A subnitrate may be formed in the 
same way. 

Platina does not form a direct combination with sulphur, 
but is soluble by the alkaline sulphurets, and precipitated from 
Its nitro-muriatic solution by sulphuretted hydrogen. 

The fixedness of platina admirably fits it for crucibles, and 
many other chemical utensils, which may be made thinner of 
this than of any other material whatever. It i.s, however, be¬ 
sides the disadvantage of its expense, liable to corrosion from 
caustic alkalies, and some of the neutral salts. 

If ether be mixed and agitated with the nitro-muriatic solu¬ 
tion of pUtina, it takes up the metal, and as it will soon float 
on the surface of the solution, it may be poured ofi‘, and if 
brushed over the clean surface of any other metal, it will soon 
evaporate, and impart to them a coating of platina. 


Gold. 

Gokl is the most malleable, ductile, and brilliant of all 
metallic substances, and, next to platina, the heaviest and 
roost indestructible. 

Gold is seldom found except in the metallic state. It has 
been obtained in every quarter, and almost every country of 
the globe, but South America supplies a greater quantity of 
It than aH the rest of the world. 

Many laborious experiments have been separately made, 
by able chemists, who appear to have established the fact, 
that gold exists in vegetaoles. 

A single grain of gold can be made to cover an area of 
room than 400 square inches; a wire one-tenth of an inch in 
diameter, will support a weight of 500 pounds, and Dr. Black 
has calculated that it would take fourteen millions of film.s of 
gold, sneh ms cover some fine gilt wire, to make up the thick¬ 
ness of one inch, whereas the same number of leaves of com¬ 
mon writing paper would make up nearly three-quarters of a 
mile 
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Tboa^ cpRcily 'm enunKentted «a obr of ib« obaiocttiii 
of tbo iiietAli» yet gold, when tbe iWeve<di ^ iRob tliiok, 
whieh in obmit the ihiohiieM of o^inevy gold Jeef* tniie> 
niiu light of a lively bltueh green oolour, Ferhefia «U the 
other motels, if they could be e<]eelly esteniled, would shew 
some degree of trensperency, but none of them can be made 
so thin. 

llie specific gravity of gold, unhanunered, is 19.268, and 
is increased but little by hammering, its hardness is 6. 
It melts at 32^, of Wedgwood; and if pure, its colour when 
in fusion is not yellow, but a faeautifid olutsh green, like the 
light which it transmits. 

Gold cannot be volatilised except at an extreme heat. The 
utmost power of l*arker*s celebrated burin tig lens, exerted 
upon it for some hours, did not cause it to lose any weight 
whtch.could he ascertained i but Lavoisier found that a piece 
of silver, held over gold melted by a fire maintained with 
oxygen gas, was sens^ly gilt; and perhaps the same delicate 
test woiud have shewn its volatility by the lens. 

After fusion, gold will assume the crystalline form. Tillet 
and Mongez obtained it in abort quadrangular pyramidal 
crystals. 

Gold unites with most of the metals. Stiver renders it 
pale; when the proportion of silver is aboot one-fifth part, 
the idloy has a greenish hue. Silver separates from gold as 
from pUtina, if the alloy he kept for some time in fusion. 

Gold is strongly disposed to unite with mercury; this 
alloy forms an amalgam, the softness of which is in propor¬ 
tion to the quantity mercury. It is 1^ mercury, that in 
South Amenca, gold is chiefly obtained from the earth with 
which it is mixed, and the gold is separated from the mer¬ 
cury by distillation. This alloy readily crystallizes after fu¬ 
sion. It is applied by gilders to the surface of clean copper, 
and the mercory ia driven off by heat. 

Gold unites freely with tin and lead, but both these medals 
considerably impair its ductility* Of lead, one-quarter of a 
grain to the ounce renders the gold britUe} but tin has not 
so remarkable an effect. ^ 

Copper increases the fusibili^ of gold, as well as iw hard¬ 
ness, and deepens its colour. It forms the usual addition to 
gold for the purpose of coin, plate. &c. The standard gold 
ci Great Britain is tvretiiyHUro paru pure gold, and two 
parts of copper i it is therefore ^caUad ‘*gold of twenty-two 
wrftsfire/' 

Iron forms an alloy with gold, so hard as to be ^ for edge 
I jooii* lie cnlour is gray, and it obeys the magnet. 
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Aira«iiio^ biftmttih, nickel, ittanfi^ete» zinc, and antimony, 
Tnivdar gold wbite and brittle. When the alloy is with zinc m 
equal proportiona, it has a fine prain, takes a high polish, and 
from these qualities, and its being not liable to tarnish, it 
forma a composition not nnsuitable for the mirrors of tele* 
scopes. 

bW the purpose of coin, Hatchett considers an alloy con¬ 
sisting of equal parte of silver and copper as the best, and 
copper alone as preferable to silver. The same distinguished 
chemist gives the following order of different metals, arranged 
as they diminish the ductility of gold: viz. bismuth, lead, anti¬ 
mony, arsenic, zinc, cobalt, manganese, nickel, tin, iron, 
platina, copper, silver. The first three were nearly equal in 
eti'ect, but the platina was not quite pure. 

The nitric acid will take up a very minute quantity of gold, 
but the oitro-muriatic and oxy-inuriatic acids are its only real 
solvents. The two latter acids are of a similar nature, and their 
efi'ects on gold are increasetl by concentrating them, by enlarg¬ 
ing the surface of the gold, and by the applicarion of heat. 
The solution is of a vellow colour, caustic, and tinges the skin 
of a deep purple, l^y evaporation it affords yellow crystals, 
which take the form of truncated octahedrons. Those crystals 
are a muriate of gold} they may be dissolved in water, and 
will stain the skin in the same manner as the acid. 

Most metallic substances precipitate gold from its solution 
in the nitro-muriatic acid; lead, iron, and silver, precipitate it 
of a deep and dull {tiirple colour; copper and iron throiv it 
down in its metallic state; bismuth, zinc, and mercury, like¬ 
wise precipitate it. When precipitated by tin, it forms the 
purpie precipitate of Camus, which is much used by enamellera 
and manufacturers of porcelain. * 

Ether, naphtha, and essential oils, take gold from its solvent, 
and from liquors which have been called potable gold, and are 
used in gilding; we shall describe the process in the account 
of gilding, among the miscellanies at the conclusion of the 
present volume. The gold obtained from these fluids by 
evaporation, is eKtremely pure. 

If diluted nitro-muriatic solution of gold be employed to 
writ# with upon any substance, and the letters, while yet moist, 
be afterwards exposed to a stream of hydrogen gas, the gold 
will.be revived, and the substance will appear gilt. Ribbons 
may be gilt in this manner. Sulphurous acid gafs revives the 
gold in the same manner. , 

Lime and magnesia precipitate gold from its solution in the 
form of a yellowish powder. Alkalies do the same, bu t 
excess of alkali redissolves the precipitate. The precipitlil 
4‘i.-VoL. 11. 3 A 
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obtained by meaaa of a fixed alkali ^peaft to be a tme oxide; 
it it taken up by the anlpharic. nit^ and mtiriaticacida. bat 
ifieoimtes by atanding with oryttalliaiiig. The precipitate by 
gallic acid » of a reddiah ctdonr, and eery aolnblf in the niUtc 
acid, to which it conuDunicatee a bine coloar. 

Gold precipitated from ita yellow eolation by ammoniac, 
forms a j^wder adhdfuhmmtmg gold: thia dangeroua ooni' 
pound detonates by fnction, or a aery gentle beat. It cannot 
be prepared or preierved without great riak. Macqoer g^tes 
an tnatance of a person who lost both bis eyes by the burst' 
ing of a bottle containing some of it, and which exploded by the 
friction of the glass stopper against an unobserved grain of it 
in tbe neck of the bottle. 

Green sulphate of iron precipitates gold of a brown colour, 
but this toon changes to the colour of gold. 

The afitaline sulphoreU precipitate gold from its solution; 
the alkali unites with the acid, and the gold falls down coni' 
bined with sulphur; the sulphur may be exiaclied by heat. 

The alkaline sulphnrets will also dissolve gold; thus if 
^ual parts of sulphur and potass, with one'Cighth of their 
joint weight of gold in leaves, be fused together, the mixture, 
when poured out and pulverized, will dissolve in hot water, 
to which it gives a yellowish green hue. Stahl wrote a dtS' 
sertation to prove that Moses dissolved the golden calf in this 
manner. 

Sulphur alone has no efiect upon gold. Tbe process called 
dry'parting is founded upon this circumstance. This is used 
for separating a small quantity of gold from a large quantity of 
silver. The alloy is fused, and flowers of sulphur are thrown 
upon Its surface: tbe aulphur reduces the greater part of the 
silver to a black scoria. The small remainder of the silver 
may now be separated by solution in nitric acid. The ad- 
vantage of the operation consists in saving the large quantity 
of nitric acid which would have been required to dissolve the 
silver of the alky in ita original state. 

The heat pitmuced by the electro'galvanic discharge, re> 
, duces gold to the state of a purple oxide. 

Mxrtury. 

Binfcnry ia distinguiahed from all other metals by its finMily. 

the omnmon temperature of the atmosphere. Its colour is 
wbiU^ md its surface ia like that of poliahed idlvef. Its 
apcNcdio gravity is 13.580, and it it therefore the htaviett bf all 
txeef^ng platina and |^ld. 
boUi it nnd doot not eeasito be*fluid. 
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unless at or below Uie temperatore of —39^; in Russia aiui 
Hudson’s Bay. this tempexmture sometimes occurs natuiElhr, 
and in Britain it has been - obtained by a freezing mixUiivi 
mercury has then been examined, and found to be perfeci^ 
•naiieable, working like soft tin. Experiments with artificml 
cold afford but few opportunities for exhibiting this property, 
but at Hudson’s Bay. where surrounding objects ware ;all 
equally cold, frozen mercury has been beaten upon an anvil into 
sheets as thin as paper. A mass of it being thrown into a glass 
of warm water, became ffuid, but the water was immediately 
frozen, and the glass shivered to pieces. To the touch, frozen 
mercury excites the same sensation as red-hot iron. 

Mercury is frequently obtained from the mines in the pure 
metallic state; sometimes it is combined with silver, but mostly 
with sulphur, in combination with which it is called cinnabar, 
when the mixture is of a red colour, but ethiop’s mineral, when 
it is black. These are both sulphurets of mercury. Mercury 
is supplied by many countries. The mines of Idria, in the 
circle of lower Austria, have been wrought for 300 years, and 
are estimated to yield 100 tons annually. From Spain, which 
supplies large quantities, -it is exported to South America, for 
amalgamating with gold, for which use the consumption is so 
prodigious, that the mine of Guan^a Velica, in Peru, does not 
supply enough. This mine is a vast cavern, 170 fathoms in 
circumference, and 480 fathoms deep. 

Cinnabar, to obtain the metal from it, is mixed with quick¬ 
lime, and then submitted to heat. The lime combines with the 
, sulphur, and the mercury, which sublimes from the mixture, is 
collected in receivers. Mercury sublimes at the heat 600''\ 
and then has the appearance of a whitish smoke. In this state 
of vapour, its elasticity renders it capable of bursting the 
strongest vessels, if the attempt be made to resist its expansion. 
Distillation is the ordinary means of purifying mercury. 

Mercury combines very freely wifo gold, silver, lead, tin, 
bismuth, and zinc; not so freely with copper, arsenic, and 
antimony; for iron its affinity is extremely slight, and leas so 
still, if possible, for platina. 

The alloy of mercury with any metal, if the mercury pre¬ 
dominates so far as to render it soft, and of the consistence of 
butter, is called an amaham. These amalgams are much 
employed tn silvering and gilding, as the mercury is easily 
driven off by beat, and the fixed metal is left behind. The 
metal with which the backs of looking-glasses are coated, is 
an dmalgam of tin and mercury. 

The number of metals with which mercury combing, 
renders it extremely liable to adulteration. The union is in 
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some cates to strons;. that the hater roeta! will rite along with 
it in distillation. The experienced eye can, however, dele, 
mine very small aduUeraliont, by the want of perfect "*nidiiy 
and brightness. Impure mercury also soils white pai>er. ami 
the presence of lead may be detected by agitating the metal 
viith water, by which means it will be o.\tdixcd. Or a rery 
minute quantity of lead, present in a large quantity of mercury, 
may be detected by solution in nitric acid, and the addition 
of sulphuretted water. A dark brown precipitate will ensup. 
and will subside in the course of a few days. One part of 
lead may thus be separated from 152ti3 parts of mercury. 
Bismuth is‘detected by pouring a nitric solution, prepar^ 
without heat, into distilled water; thia metal will W sepa> 
rated in the form of a white precipitate. If tin be present, 
a w eak solution of muriate of gold will cause a purple pre¬ 
cipitate. 

By agitating mercury fur some tunc in oxygen or atmo¬ 
spheric air, a part of it is converted into a black oxide. 

Most of the acids have more or less action on mercury. 
The sulphuric acid requires the assistauc** of heat, and sulphur¬ 
ous acid gas is disimgagecl during its action, and a white ovule 
is formed, which becomes yellow by pouring hot water upon it. 
and is then called turbith mineral; it is a sub-sulphate of nier- 
curv; the water holds in solution sulphate of mercury. 

The nitric acid dissolves mercury rapidly without heat; 
nitrous gas is disengaged, and the colour of the acid at the 
same time becomes green. If the acid be strong, it will take 
up its own weight of mercury in the cold, and will bear dilu¬ 
tion; lieat wrill enable the acid to dissolve much more of the 
metal, and the a^ition of distilled water will form a pre¬ 
cipitate. which is yellow if the water be hot. and white if it be 
cold. This, from its resemblance to tlie turbith mineral men¬ 
tioned above, is called m/rota turbith. 

All the combinations of mercury with nitric acid are strongly 
caustic, and form a deep black or purple spot on the skin. 
When nitrate of mcrcu^ is exposed to a gradual and long 
continued low heat, it gives out a portion of nitric acid, and is 
converted into a bright red oxide; this oxide retains a small 
portion of nitric acid; it is called reti precipifate, which is 
employed in medicine as a caustic. This red oxide parts with 
its oxygen simply by heat, and the mercpir recovers its taelallic 
state. The finest precipiute is made, by distilling the incr- 
curtal solution till no more va^iours arise; then adding several 
successive portions of acid, and distilling it dry a&r taeh 
addftioii. The precipitate will thus be obtained in small 
crystals of t superb red colour. Red precipitate nay he 
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t »rt*j»arrd by heat only: Uie mercury must for thia purpose be 
kept at the heat of about (iOO^ for aeveral months; the red 
oxitic tliuR formed was called prtcipUate per se. 

The acids, the alkalies, the earths, and most of the metals, 
precipitate niercurv from its solution in the nitric acid. The 
precipitates by alkalies have the property of exploding, if 
triiumted with one-sixth of their weight of flowers of sttljmur, 
and afterwards gradually heated. 

The follow ing is Howard's method of preparing fulminating 
mercury: dissolve one hundred grains of mercury by heat in 
an ounce and a half by measure of nitric acid. Pour this 
sulutioa, when cold, upon two ounces by measure of alcohol 
in a gloss vessel, and apply heat till an eflervescence is excited. 
A white vapour undulates on the surface, and a powder is 
gradually precipitated, which is to be iinmeriiately collected 
uii a filler, well washed, and cautiouslv dried, at a low temper¬ 
ature. Slight friction, or a very gentle heat, causes this pow¬ 
der to detonate, ilrugimtelli made fulminating mercury by 
pouring an ounce of alcohol on two drachms of the yellow 
oxide of this metal, and adding at twice ten drachms of strong 
fuming nitrous acul. The alcuhul is converted into ether, 
which escapes in very copious vapours. All the oxides of 
mercury may be rendered lulniinaling by tins process. 

I'he muriatic acid does not act on mercury, except by long 
digt stion, which enables it to oxidix* a part, and it dissolves 
the oxide, 'fhis aciii, howeicr, completely dissolves the mer- 
cuital oxiiich, which, whtn marly in the metallic state, or 
coutaining but hllle owuen, form the mnrmte of mercurv- 
Wh^ii the oxy-inunaltc acid is miployed, the oiv-w»riW^*of 
im-rcurv, or mrmsire 'ublunatr, is formed. e sublimate 

is highly caustic and poi.soiiotis. 

The mild muriate of mercury, or calomel, is prepared by 
(nlurating the oxy-muriate with three-fourths of its weight 
of metallic mercury, and then subliming the mixture three or 
four times in succession. If calomel be not perfectly insipid, and 
insoluble hy long boiling in water, it may be suspected to con¬ 
tain corri^tvc sublimate, and consequently to be poisonous. 

The dinerence between corrosive soblimate and calomel con¬ 
sists only in the diflerent proportions of the same component 
parts, said to point these out wilt shew, in a striking manner, 
flow small a difference in th$ proportion of the same componeni. 
parts, may create an essmtial dfifferetice in the compound. In 
lUO parts, according to the analysis of Chenevix, the 

llsmurjr. OsjifVB. Msristia scid. 

Corrostee muriate contains69.7 12.3 IB 

Mtldmurtalc...*...79 11-5 
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Sulphur readily combines with inercurv. If iriturutiid with 
this metal in a monar, it forms with it a niack sulphumt. fur> 
merly called fikutp'i mwtmi. This compound may also be 
furiued by adding to sulphur in fusion one-fourth of iu weight 
of mercury. 

If ethiop*s mineral, or black lulphuret of mercury, be sub¬ 
limed, it aflbrds the red sulphuretted oxide, or artificial cin¬ 
nabar. This artificial cinnabar, when pounded and waitbed for 
painters’ use, is called termilhn. To prepare it with accuracy, 
let'300 grains of nu rcury and 08 of sulphur, with a few drops 
of solution of potass to moisten them, be triturate d in a porce¬ 
lain mortar, with a glass pestle, till converted to the state ol» 
black oxide. Add to this IGO grains of potass, dissolved in 
as much water. Heat the vessel containing the ingredients 
over tlie flame of a candle, and continue the trituration w ith<M>i 
interruption during the healing. In pr<<purtion as the bqutd 
evaporates, add clear water from lime to lime, so that the ovule 
may be constantly covered to the depth of near an inch. Th** 
trituration must be continued about iwi) hours; at the end ol 
which lime the mixture brgins to change from its origin.il 
black colour to a brown, which usually hapfiens when a laigi 
part of the fluid is evaporated. It then passes very rapidly to 
a red. No more water i* to be added, but tht trituratitui is to 
be continued without interruption. Whm the mass has ai ■ 
quired the consistence of jelly, ih* red colour increases to 
brightness with surprising rapuiity. Tire instant the? erdour lois 
acquired its utmost beauty, the heat must be withdrawn, oiln r- 
wise the red jrasses to a dirty brow n. This is Kirchofl’s method 
of preparing vermilion. Count Moussiu Pouschin discovert >1 
that the browo colour may be prevented by taking the sul- 
pburet from the fire as soon as it begins to be red, and placing 
it in a gentle heat, taking care to add a few drops of wait r, 
and to agitate the mixture from time to time. By this treat¬ 
ment an excellent red is obtaiued. 

Phosphorus, mixed with red oxide of mercury, and distilleil, 
forms pfiofphurei o/tnercurp, which is of a black colour, and 
in the air exhales phosphoric vapours. 

Paihdium. 

Palladtom is of a grayish white colour, scarcely dtsiingutsh- 
from piatina, and takes a good polish. It is ductile, and 
riry i»Ul««ble; flexible, when reduced to thin slips, but t»of 
Its fracture is fibrous, and in dtvergiiig tirtie, 
•ii^tig a kind of crystalline arraugement. It it harder than 
urrdught iron. Its specific gravity li about 10.9. but may be 
kmntaicd by hamoieriog ana roUu^to Il.fl. It is a lesa perfect 
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conductor of caloric Uian the other metals, and less expansible, 
though in this respect it exceeds platina. 

Pallad ium was discovered hy Dr. Wollaston in nativef pla- 
tina. When exposed to a strong heat, its surface tarntdbes a 
little, and becomes blue, but by increasing the heat, it becomes 
bright- By an intense heat, it is fused, but not oxydixed. Its 
oxides, formed by means of acids, may be reduced by heat 
alone. 

Palladium may be obtained by adding to a nitro>murtattc 
solution of crude platina, a solution of prussiate of mercu^, 
<>fi %%hich a flaky precipitate will gradually be formed ofa 
iveliowifth ivhile colour. This is prussiate of palladium, from 
which the acid mav be exfH'lled by heat. 

sulphuric, the nitnc, and muriatic acids, dissolve a small 
portion Of paliadiutn, and acquire by it a retl colour. The nitro- 
inuriatic acid dissolves it rapidly, and acquires a deep red. 

.4ika!ie>» and earths precipitate palladium from its solutions, 
generally of a fine uraugc colour; an excess of alkali partly 
rcdihsolves the precipitate. 

Alkalies act upon metallic palladium, and this action is 
assisted by the contact of air. 

Green sulphate of iron precipitates palladium in a metallic 
state, and all the metals, c,xce}»t gold, silver, ami platina, do 
the same. Prussiate of mercury prv^duecs a yellow ish white 
precipitate, and as it does not prei-ipitalc platina, it is an 
exet ilent test of palladium. 

Palladium forms with gohl a gray alloy. Iiarder than gohi, 
less ductile than platina, and of a coarse-grained fracture. 

With an equal weight of platina, it rt si inhlcs platina in 
colour ami hardness, but it is not so malleable, and nu lls at a 
heat a luile higher than is requisite to fuse the palladium. 
The sjiecific gravity of this alh*v is l.'j.l 41. 

With an equal weight of silver, the alloy is harder than 
silver, but sutler tliau wrought iron, and its polished surface 
reseiidriesjpiatina, except that it is rather whiter; specific 
gravity 

Equal parts of palladium and copper, are a little more 
yelloiv, break more easily, assume somewhat of a leaden hue 
when filed, and arc harder Uian wrought iron. Specific gravity 

U).ay2. 

Lead inorcaaes the fusibility of palladium, and forms with 
it an alloy of a gray colour, fine-grained fracture, harder than 
anv of the preewing alloys, but very brittle. 

With tin, bismuth, iron, and arsenic, palladium forms brittle 
sdloys: that with bismuth is very hard. 
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Lead, 

The colour of lend is e blnish white; its spei^c simvitjr is 
11352; its hardness 5; it is Uie softest, the leipt eiMtic and 
sonoroQS, of all metals used in the arts. It melts before 
ignition. It has scarcely any taste, hut friction causiM it to 
emit a peculiar smell. It stains paper and the fingers of a 
bluish black. 

Lead is very malleable, and therefore easily reduced to thin 
plates by the hammer; but hammering neither increases its spe> 
ctfic gravity or hardness. Its ductility is not great; a wire one- 
tenth of an inch in diameter, will support only pounds. 

It is not certainly known that lead has ever been found in 
the metallic state; the only lead ore that is extensively found 
and worked, is a sulphuret of lead; it is called galena, and 
is generally found in veins, both in siliceous and calcareous 
rocks. Lead ore frequently contains silver, and often antimony 
and bismuth. 

To obtain lead from galena, the galena is pulverized, and 
separated by washing from earthy admixtures; it is then caasted 
in a reverberatory nirnace, and afterwards melted in contact 
with charcoal. When the lead contains a quantity ofsi Ivor worth 
extracting, it is fused in a strong fire, and Uie wind from a pair 
of bellows being directed over its surface, the whole of it ts in 
succession converted into a yellow' scaly substance called 
litharge, which being driven off as it forms, the silver is left at 
the bottom of the crucible. The litharge is a sub-earbonate of 
lead, and by fusing it with charcoal the lead is revived. 

Of the uses of lead in its metallic state, we have already 
treated in vol. I. When lead is fused in an open vessel, its 
surface quickly loses its lustre, and a scum appears, which is 
soon converted into a darkish gray powder. In the heat 
usually employed to melt lead, this gray powder or oxide 
sustains no furthe||plteration; but if spread out upon a suit¬ 
able surface, and exposed to a low red neat, it becomes suc¬ 
cessively whitish, yellow, and lastly of a bright orange red. 
The yellow oxide is called by painters mastkat; the red they 
call mrmtim. or merely red had. if the beat be urged muen 
further, red lead is converted into litharge, which is a semi- 
vitreous substance, that by a little further heat becomes a 
complete yellow glass, of so fusible a nature, as to penetrate 
and destroy the best crucibles. This glass enters into the 
composition of flint-glass. It promotes its fusibility, renders 
it heavier than other glass, better capable of bearing sudden 
cbaugai of temperature, and from its greater softness, more 
sttitabfo for cutting and polishing. 
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When lead is exposed to the atmosphere* the brightness of 
Its surface gradually diminishes* till it is nearly of the same 
colour as the gray oxide produced by heat; this oxide forms 
an even but very supeihcial covering* and it defends the metal 
from any further change. 

Most of the acids have an action on lead; but for this pur> 
pose* the sulphuric acid must be concentrated and boiling. 
Sulphurous acid gas escapes during the solution, and the acid 
is decomposed. By distilling the solution to dryness, a sul¬ 
phate of lead is obtained ; it is of a white colour, and affords 
crystals. This sulphate is caustic, and may be decomposed 
by lime, and the alkalies. 

The nitric acid has a strong action upon lead, which, if 
concentrated, it converts into a white oxide; but if diluted, it 
dissolves the metal, and forms nitrate of lead, which is 
crystal livable; lime and the alkalies decompose the nitric 
solution. Nitrate of lead decrepitates in the fire, and is fused 
with a yellowish flame upon ignited coals. Sulphuric acid 
will take lead from the nitric acid, fulling down upon being 
addod to it, combined with the metallic oxide. The muriatic 
acid carries down the lead in the same manner, and forms a 
muriate of lead formerly called plumbum corneum. This is 
soluble in water. 

If nitric acid of the specific gravity, of 1.260, be poured 
upon the red oxide of lead, 185 parts of the oxide are dis¬ 
solved ; but 15 parts remain in the state of a deep brown 
powder. This powder is the brown oxide of lead, it contains 
21 per rent, of oxygen. 

The muriatic acid, assisted by heat, dissolves a part of 
the lead put into it, and oxidizes another part. The strong 
affinity of the oxides of lead for muriatic acid, causes 
them to decompose almost every substance in which this 
acid i.s found, by combining with it. Thus, when volatile 
alkali is obtained by distilling muriHe of ammonia with 
the oxides of lead, the residuum is muriate of lead; the 
oxides of lead will even disengage the volatile alkali in 
the cold. Muriate of soda is decomposed if fused with 
litharge; the lead uniting as in the last-mentioned case with 
the muriatic timdi) and forming a yellow compound for the 
manufacture dud use of which, as a pigment, a patent has 
been obtained. 

The acetous acid dissolves lead and its oxides. The white 
oxide of lead, know n in commerce by the name of whiH 
is prepared by its means. The lead is cast in thin plaits, 
which are rolled up in the manner of a watch-spring* witlj a 
narrow space between each coil. They are then placed veiti- 

42.—\oL. II. 3 I» 
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caliy in earthen pou, which contain a quantity of ^ood vine- 
j[;ar, but their lower edge is prevented from coming in contect 
With the vinegar by suitable projections from the sides of the 
pots. The pots are then covered, and bedded in tan in a 
close apartment. The vapour of the acid slowly converts the 
surface of the lead into a white oxide, which is separated by 
shaking or uncoiling the plates. The plates are cfien resub¬ 
mitted to the same process, until nearly consumed, when they 
are melted up, ana cast over again. The white oxide thus 
obtained, is prepared for sale by washing it in water, and 
drying it in the shade : it is then called indiscriminately white 
lead or ceruse, though some only give the name of ceruse to 
its mixture with chala. If white lead be dissolved in the ace¬ 
tous acid, it atfordsa crystallizable salt or acetite, which, from 
its sweet taste, is called sugar of kail. From its effect in 
diminishing acidity, sour wines have been sweetened by the 
addition of white lead, a practice which merits the severest 
reprobation, as the oxides of lead are the most destructive 
poisons, in whatever way received into the animal system, 
wbetlier in solution, by breathing the dust which arisei^ from 
them, or by working among them with the hands. 

The oxiaes of lead dissolve in oils, of which they correct 
the rancidity, and therefore they have sometimes been added 
to the finer oils with fraudulent intentions. Linseed and other 
drying oils are rendered still more strongly desiccative by 
boiling upon oxide of lead. 

Sulphuret# precipitate lead from its solutions, and the sul¬ 
phur fails down, combined with lead. 

Pure alkaline solutions corrode lead, and dissolve a small 
quantity of it. 

Phosphoric acid, if heated with charcoal and lead, becomes 
coiprerted into phosphorus, which combines with the metal. 
'Hda pbosphuret dinefs not much from common lead; it is 
malleable, and easily cut with a knife; but it sooner loses its 
brilliancy than common lead, and by fusion the phosphorus 
is barpt, and the lead left pure. 

Silver. 

Silver is the whitest of ^l metals, and next to gold it it 
tlie most malleable and doctile. Under the hammer, the con¬ 
tinuity of its parts is not destroyed until its leaves are not 
nrnre the of an inch thick; and it may be drawn into 

, wire finer than a human hair. , « . 

The tpgpifio gravity of silver is 10.474; its hardness it 6,6; 
it cnntiniies melted at 28® of Wedgwood, but a greater beat is 
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required to bring it into fusion. Its tenacity is such, that a 
wire of one-tenth of an inch in diameter, will sustain a weight 
of 270 pounds, without breaking. 

Silver has neither smell nor taste; it is not altered by the con¬ 
tact of air,'unless containing sulphurous vapours; hut it may 
he volatilized by an intense neat; and Lavoisier oxidized it by 
the blowpipe and oxygen gas. By exposing silver twenty 
times successively to the heal of a porcelain furnace. Macquei 
converted it into glass of an olive green colour. 

Silver is found, in greater or less abundance, in almost all 
countries which contain mines ; but the greatest quantities of 
it are obtained from the mines of Peru and Mexico. The cele¬ 
brated mine of Potosi, which is situated near the source of 
the Rio de La Plata, is in one of the most considerable moun¬ 
tains of Peru, and this mountain is described by tmvellers as 
filled ^'ith veins of silver from the top to the bottom. 

Silver is often found native, in ramifications consisting of 
octahedrons inserted into each other, also in small intertwined 
threads, and in masses; but it is most commonly found in 
combination with sulphur. 

Silver forms alloys with most of the metals. Copper is the 
metal with which it is alloyed for the purpose of coinage. 
The British coinage contains 11 ounces 2 pennyweights of fine 
silver in the pound troy. Copper stiffens silver, and increases 
its elasticity, but it renders it less ductile. 

The alloy of silver and zinc is granulated on its surface, 
and very brittle. Tin, also, in the smallest quantities, de¬ 
prives silver of its malleability. Alloyed with lead, silver 
ceases to be sonorous and elastic. 

Fine filings of silver, triturated "with mercury in a warm 
mortar, form an amalgam, which, by fusion and slow cooling, 
affords tetrahedral prismatic crystals, terminated by pyramids 
of the same form. The mercury cannot be separated from the 
silver, except by a much stronger heat than would be required 
to volatilize it alone. 

The sulphuric acid dissolves silver, if concentrated and 
boiling, and the metal in a state of minute division. The 
action of the muriatic acid upon silver is very trifling, unless 
oxygenized. 

The nitric acid, a Uule diluted, has a powerful action upon 
silver, of which it will dissolve half its weight. The solution 
is at first blue; this colour disappears when the silver is pure; 
but becomes green if it contained copper. If the silver contains 
gold, this metal .separates in blackish-coloured flocks. The 
solution is extremely corrosive, and destructive to animal sub¬ 
stances. When the acid is fully saturated, it deposits crystals 
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«s it coois» and also by evaporation. Tbeaa crystals an* 
called lunar niire, m nitrate m $Uwr. By fusion, for %vhich 
a gentle heat is sufficient, their water of crystallisation is 
drieeii off; and also a part of the actd, by which they become 
a subnitrate; this forms the tapir mftrmfit, or liffiar caustic 
of the surgeons; it is of a black colour, and usually cast 
in the form of small sticks. A heat but little above what 
is necessary for fusing the nitrate, separates the whole of the 
acid, and the silver is revived. Lunar caustic should be 
made of silver entirely free from copper, as the copper is 
|K>vsonoa8 to wounds. 

The cauticity of this and all other mineral solutions, is 
attributed to the strong propensity of the metal to assume the 
metallic state; in consequence of which, it readily parts with 
its oxygen to substances it is in contact with ; and therefore 
such subatanc^a as are capable of receiving the oxygen, virtu* 
ally undergo combustion. 

A solution of nitrate of silver in water, is perfectly free from 
colour; but it stains the skin, and all animal and vegetable 
substances, an indelible black. It k employeii, in a weak 
state, to dye the human hair, and when mixed with a little 
gom*water, forms a permarmit ink for marking linen, Si;e page 
783. It is also employed for staining marbles and other stones. 

Nitrate of silver is a most powerful antiseptic ; a l‘2,(KJ<)th 
part of it dissolved in water will render the water incapable 
of pnirefactioo, and it may be separated at any time by 
adding some common salt. 

Silver is precipitated from its solution in nitric add, by mu¬ 
riatic acid, in the form q( a white curd, which, when fused, 
forms a semi-transparent, and rather flexible mass, resembling 
liorii; it was therefore anciently called tuna cornea, or horn 
sitwr, and is supposed to have given rise to some of the 
accounts we have of flexible glass. It is a murin/e siher, 
soon blackens in the air, and is scarcely soluble in water. 

The muriatic acid does not dissolve silver, but has a strong 
affinity for its oxide, and as the muriate of silver is not very 
aolubk in water, the nitrate of silver is employed as a re-a^nt, 
tU'discover the presence of muriatic acid in any liquid; for if 
it contain that acid, muriate of silver will fall down in a white 
cloud, on dropping nitrate of silver into it. 

The nililc acid sold in the shops generally contains muriatic 
cn iulpffitfrie acid, or both; hence the nitrate of silver is em- 
ployi^ m frds the nitric acid from the two latter acids. Fw 
yh ii T nitrate of silver it poured into it by degrees, until 

lib inore inreeipi^te is produced, after which it is rendered cluit^ 
ifibric acid thua purified, is called by arCiata 
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precipitated aqua-fortis i but it still contains some silver, from 
wbich it cannot be freed except by distillation. 

When mercury is added to the nitric solution of silver, a 
precipitation of the silver is formed, which, from its resem* 
blance to vegetation, is called arbor Diarue, or tree of Diana, 

A few drops of nitrate of silver, laid upon ^lass, with a 
copper wire in it, adbrd anothsr beautiful precipitation of the 
silver, in the form of a plant. 

Silver supplies a fulminating powder, incomparably more 
dangerous than any other: the nitric solution of fine silver 
is precipitated by lime-water; the water is decanted; and 
the oxide is exposed for two or three days to light and air. 
This dried oxide being mixed with ammonia, or volatile 
alkali, assumes the form of a black powder; decant the 
fluid, and leave the powder to dry in the open air. This 
powder is the fulminating silver, which, after having been 
once made, can no longer be touched; it must therefore 
be left in the vessel in which the evaporation was performed, 
it should never be made but in minute quantities, and not 
more tlian the fulminatiou of a grain should be attempted 
at once. 

. The avidity w ith which sulphur enters into combination with 
silver, is instanced by Proust, in its tarnishing when exposed 
in churches, theatres, and other places much frequented by 
men. This tarnish soon becomes a real crust, which on ex¬ 
amination is found to be a sulphuret of silver, it can only be 
detached by bending the silver, or breaking it to nieces, and 
its colour is a <leep violet, like the sulphurct of silver formed 
by fusion. Proust is of opinion that sulphur is constantly 
formed and exhaled by living bodies. 

The hulpluiret of silver is brittle, and much more fusible 
than silver. By a sufticient heat alone, the sulphur is volati¬ 
lized, and the metal entirely recovered. 

Skkel. 

Nickel is a metal of a grayish white colour, between that of 
tinand silver; butwhen not pure it isreddish,which isthecolour 
of its ore. It is both ductile and malleable, when cold and 
red-hot; its specific gravity is 9.(K.K) ; and its hardness is 8. It 
is not fused at a less heat than 161)'' of Wedgwood. 

The ore of the nickel has been long knowm to the miners of 
Germany, where, from its resemblance to that of copper, it is 
called kupfer-nickel, or false copper. Bergman was the first 
, who discovered that it contained a peculiar metal. 

Nickel is strongly attracted by the magnet, and attracts iron; 
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cm this account it was suppoftcd to contain iron; but Chenevii 
and Bicliter discovered Uiat a very aniaJl portion of arsenic 
prevents nickel from being affected by the magnet. When it 
IS not attractable, therefore, the presence of arsenic may be 
suspected. To separate arsenic from nickel, Chenevtx boiled 
the compound in nitric acid, till the nickel was converted 
into an arsentate; decomposed this by a nitrate of lead, and 
evaporated the liquor not quite to dryness. He then poured 
in alcohol, vrhich dissolved only the nitrate of nickel. The 
alcohol being decanted and evaporated, he redissolved the 
nitrate in water, and precipitated by potass. The precipitate, 
well washed and dried, he reduced in a Hessian crucible 
lined with lamp>biack, and found it to be perfectly magnetic, 
but this property was destroyed again, by alloying the metal 
with a small portion of arsenic. 

The kupfer^nickel of the Germans, is a sulphuret of nickel, 
and besides generally contains arsenic, iron, and cobalt. This 
ore is roasted, to drive ofl'the sulphur and arsenic, then mixed 
with two parts of black flux, put into a crucible, covered with 
muriate of soda, and heated in a forge furnace. The meUil 
thus obtained, which is still very impure, may be dissolved in 
diluted nitric acid, and then evaporated to dryness; after this 
process has been repeated three or four times, the residuum 
must be dissolved in a solution of ammonia perfectly free 
from carbonic acid. Being again evaporated to dryness, it 
is now to be well mixed with two or three parts of black flux, 
and exposed to a violent heat in a crucible, for half an hour 
or more. 

Richter says, that pure nickel is not liable to be altered by 
the atmosphere; hence it is better adapted than steel for 

compass needles. • r • • 

By exposing nickel to heat with nitre, an oxide of it is 
obtained of a greenish colour, if the metal be impure; but if 
o^ierwise, brown; this oxide contains 33 |iarl8 in the 100 of 
oxygem 

French manufacturers of porcelain are said to use the 
oxidt^ of nickel in producing a delicate grass green. A 
lfyacti|thtne colour may be given to flint-glass by the same 
oxide. 

Proust observes, that a certain proportion of nickel increases 
thO whiteness of iron, diminishes its disposijtion tto rust, and 
odds to its ductility. In Birmingham it is occasionally com- 
bioed with iron and brass. The Chinese also^ employ it m 
e^fttnotioik with copper and xinc for children’s toys. It is 
tbu dtffieui^ of working this metal, sather than its scarcity , 
fl int rendoft it so* little known. ]^ual parhi of copper and 
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nickel form a red ductile alloy. The allova of it with tin and 
zinc are brittle. EquiU parts of silver and nickei form a white 
ductile alloy. It does not amalgamate with mercury. Nickel 
is soluble in moat of the acids, but the action of the sulphuric 
and muriatic acids upon it is not considerable. The nitric 
and nitro>muriatic acids are its proper solvents. The nitric 
solution is af a hne grass green colour, and by evaporation 
afi'ords green crystals in rhomboidal cubes. . 

Cronsted found that nickel combines with sulphur by fusion, 
and that the result is hard and yellow, with small brilHant 
facets; but the nickel which be employed was impure. 

Nickel combines readily with phosphorus, either by fusion 
along with phosphoric glass, or by dropping phosphorus upon 
it while it is red-hot. Tlie phospliuret of nickel is of a white 
colour, and when broken exhibits the appearance of very 
slender prisms united together. 

It is remarkable that all those bodies called meteoric stones, 
which have at diH'erent times fallen from Uie atmosphere, 
cuniaiu nickel. 


' Copper. 

Copper is of a pale red colour inclining to yellow. It has 
a styptic and unpleasant taste, and emiLs, by friction, a disa¬ 
greeable smell. Its hardness is H; its specific gravity 7.7b8. 
In point of malleability, it is not much inferior to silver. It 
is sometimes found native. 

If copper be ma<le red-hot, in contact with air, its surface 
rapidly oxidizes, and the oxide may be separated by the ham¬ 
mer, or by plunging the copper into water; by a repetition 
of the process another scale will be formed, and this may be 
continued till the w hole of the metal disappears; these scales 
are a brtmmoride of copper, which contains 84 parUof copper, 
and 16 of oxyg^. This oxide may be converted into a brown 
glass by a strong heat. « 

When exposed to the air, copper becomes covered vrith a 
green crust, which is the green oxide of cxipper. This change 
takes place only at the surface, the oxide itself forming a 
defence from further change. 

^'ilings of copper thrown upon burning coals, bum with a 
greenish flame, and when the metal is kept in a. greater heat 
than what is necessary for its fusion, it burns with a flame of 
the same colour* 

Most of the glloys of copper hkve been already noticed. 
This metal, with iron, fopens tne elderado, or Keir’s patent metal 
for window-fifiunes, designed to combine elegance and strength. 
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Copper ooiles very readily with antimony, and fbnnt an alloy, 
diatingui»hed by a beautiful violet colour. 

Concentrated sulphuric acid dissolves c<^>per by the assist¬ 
ance of heat, and the crystals of the solution, after addint* 
water to it, form a miphate of copper, generally called hiue 
vitrioi. If to this sulphate of copper l>e atlded a solution of 
arseniate of potass, a beautiful green preeipHate^ is formed, 
called •Schreie's ^recM, or mineral ^rertt. Magnesia, lime, and 
the fixed alkalies, precipitate copper troiu its solution in sul¬ 
phuric acid, in the fonn of an oxuie. 

The muriatic acid does not dissolve ropper, unless concen¬ 
trated and in a state of ebullition ; the Hdlulion is ureen ; tiie 
muriatic is caustic and astringent, fuses by n gentle heat, and 
congeals into a mass. 

The nitric acid attacks copper with ed'« rveseenee. A large 

a uantity of nitrons ga?. is ilist ngaged. 'I be and first oxi<ii7.t s 
le metal, and tluoi dissolves the ovule. Th** solution bus a 
blue colour, innch dee{>er than liiat l>y the suiplmne and, anti 
affords crystals by slow evapttratioii. l.inn* (>ret ipitates the 
metal of a pale blue; fixed alkalies a bluis'n white. Vola¬ 
tile atkah throws down hlmsb iloeks, wiiirb me tiinckly reilis- 
Bolved, and pr</duee a lively blue colour in the nunl. 

Tlie acetous and highly concentraleti, dissolves copper; but 
when not concentrated, it only ettrrodes the metal, and forms 
the oxide called vertiti;ri<. I'bis oxnle, rlissolved in vim gar, 
forms a salt called by rbenust.s rn/atalfizcd nectite oj toppei, 
and in commerce dntilled verdi'^ri^. 

Chopper is pri^ci[ntated from itn solmions by iron. The iion 
is simply immersed in the .solution; the and seixes upon it, 
a^nd ani^om the copper. The cftpper obtained by this 
means I* called capeptr of cententation. Sulphate of coppiT 
is frcrjficptly founa in the streams of water from copper- 
mines; quantity of salt which they contain is not sufli- 
citmi to reimburse the expense of evaporating the water to 
nti^in J^luc vitriol; but !>y throwing waste pieces of iron 
Fiito them, the salt is decomposed, and the ropper is nren- 
pitated in a metallic form, because the »nl[>hunc add ntiK a 
gpwattcr attraction for iron than copper. It appears in eflVet 
W1 if the iron were changed into copjier, and to the sinierfi- 
mal observer favours the idea that metals Are transmntahle. 
The streams of mines thus containing sulphate of copper ar«- 
ofiten as valuable as the ore itself. 

All the salts of copper arp ooisonous; and copper vessels 
shoi^ ^ierefore never t»e dhu^^^contain any vehicle cajiable of 
hedthng the |ii«tal in solutiort. ^Iii Sweden, the use of copper 
vcslfclli for cnliiiary purposes, haJi^li|Bcn prohibited by law, and a 



upon redUliat copper* It has the hard^eas of steel# 
brittle aa4 refractor to be useful. I, ' 

Prussic acid unities with the oxide of copper, ana forms A 
brown pigment, superior, both in oil and water, according to the 
experience of iiatene^ to any other in use. It Wh a purple tinge, 
wo aw to form various shades of bloom or lilac when mixed with 
white, and which are not so liable to lade aw tliose made with 
lake. The best mode of preparing the prussiate of copper, is 
to dissolve the green muriate in ten par|.s of distilled water, 
and precipitate with prussiate of lime. 

Fixed alkalies have some action on copper, with which they 
form a light blue solution ; the effect is greatest in the cold. 

Ammonia dissolves copper with much greater rapidity than 
ffxed alkalies, w hether it be in the slate of a metal or an oxide, 
and fonns a beautiful blue sulutiun. This solution, \then 
recently made, is colourless if the vessel be closed, but wlmn. 
the vessel is opened, the colour returns, gradually extending 
iVom the surface downwards. * 

Oils appear to have no action on copper, until they became 
rancid; lu which case their disengaged acid CQrrodes the pop> 
per, and the oil assumes a bluish green colour. 

Iron. 

Iron is of a bluish w Kite colour, highly eiastic»^H^m^, 
has a styptic taste, emits a peculiar odour whe^ 
strikes fire with fiiot. In tenacity it exceeds adl j^etali|^|P^^i^|pr, 
it, only oae>teiilh of an inch in diameter, sostaiiiingA lNI^t^ 
4^ pounds without breaking. Its specific graility is 
Iron is less nialleable than gold, silver, or copper 
all the metals to common the most difiicuU of fa«ia^]|«iik, 
the nearer it apptoaches to fusion, the more malleabli>|i^ 
ductile it becomes. 

The liar<h|i^B of iron* its great tenacity, the facility Arlilir 
which it may at a,whit« heat fashioned and weldhd, are the • 
properties whtcdi felMer it so valuable. 

Irod is attracted by roagi|et or Icmdstone, and ,i| itself 
capable of being rendered mam^o ; ^t thia proper^, after 
having been communioa^ lo^ % lotatned only a short tipo#? 
unless it be in the state of bard sltwL 
43.—Vo L. II. 
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If tuddealy plung^ into cold water, whik red-hot, it ia ren- 
Mred rather more rigid than before, bat gradual cooUng ren- 
d^ it aollu 

Iron ia aometimea found nativir. In the tnuseom of the 
academy of eciencea at Petersburgh. is a mass of native iron 
1200 tons in weight. 

CMit-tron is that which results from the fusion of the iron 
ore with charcoal; its |>eculiar properties are owing to its con¬ 
taining carbon and other foreign matters. 

Steel is iron deprived of all impurtlieH except a small portion 
of carbon ; it is more ductile than iron, and a finer wire may 
be drawn from it than any other metal. 

Iron, united with about nine-tenths of charcoal, forms plum¬ 
bago, or hyper-carburet of iron. 

Iron has a greater afiinity for oxygen tluin oxygen has for 
hydrogen; it therefore decomposes water by combining witli 
its oxygen, which is the cause of its being'so easily mitered by 
exposure to damp air. or to water. 

The action of air, assisted by heat, converts s ihick pellicle 
of the surface of iron into a black oxide, containing 25 per 
cent, of oxygen, and when this is hammered off, another is 
quickly formed. This black oxide is attracted in some degree 
by the magnet. If it be collected, and exposed to a strong 
beat imdei^a muffle, it becomes a reddish brown oxide, con- 
taihing 48 per cent, of oxygen. The yellow rust, fonn^ when 
iroq is long exposed to damp air, is not a simple oxide, but 
contains a portion of carbonic acid. Proust only admits two 
atages in the oxidation of iron, viz. the green and the brown 
or re4, and consideis the other supposed oxides, to be mix¬ 
tures of these in various proportions. . ' . 

The ffaen oxide may be obtained by dissolving iron ki sul- 
pluwie aoid, jimd then precipitating it by potass; this oxide 
swntaiiw 1^27 park td* 73 of iron in tbe 100. By 

aapoinnea to tlk w* »» converted into the brown oxlde» whkh 
aoitouiMi 18 {durta of oxygen, as obsesyed above. * 

. Copomitzs^ed aulphunc acid scarcely acts on iron, imleM it 


[;^biit if diluted with two or three timaa ita w 


wa^. It attaciu the metal immediately, and a strong ener- 
wangimoe ensuew, without any heat but that produced by the 
^iriihtioa of the water. It ia tbe hydrogep of ^ water 
kbMt eacapet, the oxygaqr beilig employed m oxadixiiig the 
which oxide theacid dhiiolvto withodtbeing decomposed. 
If Mk appli^, more iron atUl ia dtaacived, This soiurion 

evapoiatioiv la^iMa ^ common green 

of e<maiaerce va ^a^lwi in n atato of impnri^* ^ It 
m mdim moae aolnble in hot tlmii in cold wntot# tna thef^ore 
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E laturated Bolution of it in hot water affords crystals in cooli^ 
as weU as by eraporation. > ^ 

The substance called martial pyrites is a sulphuret of iron, 
and it is from the decompdsition of it that the extensive demand 
for sulphate of iron is supplied. By fusion with iron, sulphur 
produces a compound of tne same nature as pyrites. 

The sulphuret of iron, as well as iron itself, bums rapidly, 
but without noise, when triturated in a meUiUic hioi^ with 
hyper-oxymuhate of potass ; this mixture, in a heap, if struck 
with steel, detonates strongly, and ffives out a red flame. 

Sulphate of iron is decomposed by alkalies and by lime. 
Caustic fixed alkali precipitates the iron in deep gveen flocks, 
which are dissolved bv Uie addition of more alkmt, and form a 
red tincture. The mild alkali does not redissolve the precipi¬ 
tate it ^rows down, which is of a greenish white colour. 
Distillation separates the acid from sulphate of iron, and 
leaves the brownish red oxide, called colcothnr. 

Astringent vegetables, such as gall-nuts, oak, tea, &c. pre¬ 
cipitate a fine mack fecula from sulphate of iron, and this 
precipitate remains suspended a considerable time in the'fluid 
oy the addition of gum-arabic, and hence its utility as a writing 
ink. The well-known pigment called Prussian blue, is likewise 
a precipitate afforded by sulphate of iron. 

Sulpnur combines with iron merely by the alsistance of 
water; thus if flow'ers of sulphur be mixed with iron filings, 
and made into a paste with water, it soon becomes hot, swells, 
and emits the well-known smell of hydrogen, with watery 
vapours. TTie mixture takes fire, if in considerable quantity, 
even although buried in the earth. It is a composition, 
therefore, which may be used to form an artificial vpldimo. 

! Concentrated nitric acid is rapidly decomposed by iron, a 
portion of the oxygen of the acid oxidises ffie iron, which 
oxide dissolves as it is formed, and the remainder of the acid 
palwes off in nitrous gas. The solution is of a reddish brown, 
and deposits the oxide of iron after a certain time, particularly 
if exposed to the air. Diluted nitric acid affords a more per¬ 
manent soIiAion of iron, of a greenish colour, or sometimes of 
R yellow colour. Neither of me solutions afford crys^s, but 
both deposit the oxide of iron by boiling, at Uie same time that 
the fluio arnomes a gelarinous appearance. This magma, by 
distillation, aflbrds mming nitrous acid, much'nitrous gas, ' 
and some nitrogeh, a led oxide being left behind. * 

Iron appears to be the only.metm of which the solutions, 
or combinations with oxygen, are not of a noxious nature. 
The chalybeate waters form the best tonics which medii^e 
possesses. 
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The mnnatic solution of iron, like all other eolutions of the 
same metal, is decomposed by lime and alkalies; bnt llie 
precipitates are less altered, and may be easily leduced, espe¬ 
cially such as are produced by the aadition of caustic alkalies. 
Alkaline sulphureti, sulphuretted hydro^n |^, and astrio- 
l^ents, also decompose uiis as well as the other solutions of 
iron. 

Water charged with carbonic acid dissolves a considorable 
quantity of iron. Vinegar appears to have little or no effect 
upon iron, unless assisted by the air. 

If equal parts of iron clippings, and phosphoric glass, 
be melted together, a phosphurei of iron is obtained, which 
is very brittle, and has a whitish fracture, iron, in its 
crude state, frequently contain* phosphorus, which renders 
fa.st-iron very refractory, and fonns the kind called co/d- 
$h9rt iron, which is malleable when hot, though brittle when 
cold. 

Gold unites easily with iron, and becomes by ^is union 
harder and less inalleable. In the proportion of si* parts of 
gold and one of steel, the alloy may be oeaten into plates with¬ 
out cracking. The iron is only partially separated by combus¬ 
tion in a glowing heat. Iron lias a stronger attraction than 
gold for the oxy-innriatic and nitro-murialic acids, and preci¬ 
pitates gold from Uiese acids in its metallic state. 

Silver combines readily with iron. A mixture of fourteen 
parts of silver, and two and a half iron, is more elastic that! 
silver, attracts the magnet, and is not decomposed in a strong 
fire. A small portion of iron does not seem to injure the colour 
or maileabilitv of tbe silver. Iron precipitates silver from all 
ifs solutions in acids ; but this happeh# in tbe nipric only, 
when the acid is not completely saturated, or when nitrous gas 
is edded. Muriate of silver is decomposed in the dry way by 

distillation with iron filings. r • » 

Iron precipitates mercury in it* metallic state from it* solu¬ 
tion in acid*. Distilled with oxy-muriate of mercury, tbe 
tnwriate is decomposed, and fluid mercury produced. 

Bniphate of iron precipitates mercury from its aolutaon in 
nitric acid, in it* metallic state. .... 

lead is precipitated from it* solutions in acids by iron, iron 
*l#o jM^ipitates nickel front its acid solutions, and in the dry 
mm tiies flora it the sulpbnr which it^oontains. 

j&ickel has the strongest affinity of all the tnetals for iron, 
tend ia Separated firom it with foe greateat difficulty. 
la ni mkSeable, but less foiible foan iron slone. «*****. *• 

pid«i]^lad oi# in a very iin|ierfe«t manner by iron firom its 
e^gtiona in aclde.' 




CM£MIS7air. 


387 


Stnpiv fnlMUDces-xUeUU*— tfM- 

Iron unites in close vessels with arsenic, which renders it 
more brittle, diminishes its attraction for the magnet, and is 
separated from it with didiculty. 

When iron has been covered with a coat of tin, the tin 
appears to combine with it, and forms an alloy of greater depth 
tnan would readily be supposed ; even a white heat is insuffi¬ 
cient to separate the tin entirely, yet till the whole of it is 
removed, the iron will not weld. 

Tin. 

Tin is a white metal, intermediate between that of lead and 
silver; it has little elasticity; its taste is disagreeable, and 
it has a peculiar smell, which increases by friction. Its hard¬ 
ness is ds specidc gravity 7.291, and its density, it will be 
seen by insp^tii^ the fable of specific gravities, is suscep¬ 
tible of very little increase by hammering. Its purity is judged 
of by its levity, as it cannot be alloyed with any metal lighter 
than itself. 

The malleability of tin is such, that it may be extended into 
leaves not more than the 2tHK)dth part of an inch tliick j tlie 
tin-leaf, called thi-foU, is, however, twice this thickness. The 
tenacity of tin is but small : a wire, one-tenlh of an inch in 
diameter, will Huj»port only about 49 pounds without breaking. 
Its Hexibilily is considerable; it may be. bent several times 
backwards and forwards without breaking, emitting at the 
same time a distinct crackling noise. 

All the tin used in England is supplied by the mines of 
Coniwali, which furnish tons annually. Its ores occur 

most frequently in gmnite, but never in limestone. Itas very 
rarely found native. 

Chaptal says, that if tin be kept in fusion in a lined crucible, 
and the surface becovered with a quantity of charcoal to prevent 
ita calcination, the metal becomes whiter, more sonorous, and 
harder, provided the fire be kept up for eight or ten hours. 

The brilliant surface of polished tin soon becomes a little 
tarubhed by exposure to the air, but the effect is very superfi¬ 
cial and slight. 

Mercury dissolves tin with great facility, and in all propor- 
tionB« To make this combination, heated mercury is poured 
on melted tin ; the consistence of the amalgam ditlers accord- 
iag to the relative proportions of the two metals. 

Wickel united to tin, fonws a white and brilliant mass. Half 
a part of tin, melted witli two parks of cobalt, and tlie same 
quantity of muriate of soda, furnished Beaume with an alloy 
in small close grains of a light violet colour. 
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Equal parts of tin and bismuth, form a brittle aUo^. of a ma* 
diom colour between the two metals, and thelractare of which 
presents cubical facets. 

Zinc umtes perfectly with tin. and nrodtmes a hard metal, 
of a close<^rained firacture; its ducuuty increase with the 
proportion of tin. 

Antimony ami tin form a white and brittle alloy, which it 
distinguished from other alloys of tin by its possesstnjg a leas 
spectnc gravity than eitlier of the two metals by which it is 
formed. 

In combining arsenic with tin, precautions mutt be taken 
to prevent the arsenic from escaping by volatilixalion. Three 
parts of tin may be put into a retort, with one-eighth part 
of arsenic in powder; fit on a receiver, and make the retoil 
red-hot; very little arsenic rises, and a metallic lump is 
found at the bottom, containing about one-fifteenth part of 
arsenic; it crystallizes in large facets, is very brittle, and hard 
to melt. 

If tin be kept in fusion with access of air, ils surface is speedi- 
.y covered with a p^yish pellicle, which is renewed as Gist asjt 
is removed. If this gray oxide be pulverized snd sifted, to 
separate the iincalciued tin. and calcined again for several 
hours, under a muffle, it becomes the yellow oxide of tin, called 
among artizaiispf///v <^' tin, and extensively used in the polish¬ 
ing m glass, steel, and other hard bodies. 

A wmte oxide of tin is used in forming the opake kind of 
glass called enamel. This composition is made by calcining 100 
parts of lead, and 30 parts of tin, in a furnace, and then flux¬ 
ing these oxides w'ilh 100 parts of sand, and 20 of potass. 
This enamel is white, and is coloured with metallic oxides. 

All the mineral acids dissolve tin. and it may be precipitated 
fr<Bn its solutions by potass ; but an excess of potass will re- 
dissolve the metal. Nitro-mnriate of gold is a t^ fmr tin m 
ikilntion. with which it forma a fine purple precipitate. 

The sulphuric acid disaolves tin, whether concentrated or 
dillited with wateil^ part of the acid is decomposed, and flies 
. ofl* tn the form of anlphurous acid gas. Heat accelerates the 
effect of the scid. Tm dissolved in the sulphuric acid is very 

eeustic* , 

the solution of tin in the nitric acid ia perfotmed w^ 
istoiuabing rapidity; and the metel ii precipitated almost 
elinioflir inlhe tbnn of.a whites ojdde. If thie nud be 
wilh m the tin it ia capa^ of calciniag* wmI thh o^e>^^4w 
waidiid ctmsideraMe quantity of distilled water, m sa^ 

numie phteine^ whiidi detimates, alon«^»« 

crucible well a white und thtch fluhie, 
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a compound called ttttrum mumfitm, or momie gdd, which m 
much used for giving plaster of Paris the reiieiiihlaiicv oi 
bronze, and imnroving the appearance of brome itself. It ia 
also occasionally xised to increase the edects of elcMctjrical 
machines. Chap^ recommends for preparing it the proceas 
of the Marquis de Bouillon, who directs an amal^m to be 
formed of eight ounces of tin and eight ounces of nmrcttiy. 
In forming the amalgam, a copper mortar is heated, arid 
the mercury poured into it, aftei which the tin is added in 
a state of fusion, and the mixture triturated till cold. Six 
ounces of sulphur and four ounces of mnriate of ammonia, 
arc then mixed, and tlie whole put into a matrass, which is 
to be placed in a sand-bath, and heated to such a degree as to 
cause a faint ignition in the bottom of the matrass. The 
fire must be kept up for three hours. The aurum niusivum 
obtained by this process is usually excellent; but if. instead of 
placing the raatniss on the sand, it he immediately exposed 
upon the coals, and strt>n<:ly and snddt nlv heated, the mixture 
will take lire, and a sublimate will he formed in the neck of 
the xessel, ishich consists of tlie most iK-autifui aurum mu«** 
vum that can b«* prepared. 

TbeiiK^rcury and muriate of ammonia are not in strictnejis 
necessary to the production of aurum tnusivuin. Eight ounces 
of tin dissolved in the muriatic acid, precipitated by the carbo¬ 
nate soda, and mixed with four ounces of sulj)hur.wiU pro«luce 
a line aurum inu.sivum, but without the property of exciting 
electrical machines. 

A phosphuret of tin may he formed bv melting in a crucible 
equal parts of tin and phosphoric glass, or by throwing 
small pieces of phosphorus into melted tin. The phospliii- 
rel of tin may w cut with a knife ; it extends under the 
hammer, but separates into lamina. When newly cut, it 
ha.s the colour oi silver; its filings resemble those of lead, 
and the phosphorus takes fire when they are tlirown upon 
burning coals.* 


Zinc. 


Zinc is a bluish while metal; its specific gravity it 7.190; 
its hardness 6. It is distinguished by the singular property 
bdbng neifber malleable nor ductile, at common tempera- 
tilirfSt bnt df ncqutrtng both these qualities at the temperature 
9101^ to It has neither taste nor smell. It pielts at 

^ belie of 700. 

Ztiic^ aitciil boat, bums with a bright white fistne, and 
throws owt itiito iflbJiCR, called Jiowen of zinc. These flowers 
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mtv the white oxide of the metal; they are not volatile, but are 
merely driven ofl'by the force of the combustion. They con¬ 
tain more oxygen than the gray oxide, which forms on the 
surface of the metal when it is heated to fusion. The white 
oxide of zinc may be converted into a yellow glass by a very 
aolent beat. * 

Zinc combines with most of the metals. With gold it com¬ 
bines ill all j>r(*j>orlions. fhe alloy is very hard and white 
when the tneLals are in cnual proportionH, and takes a fine 
polish, without being very iiul>K* to tarnish. One part of zinc 
IS said to destroy the ductility of liH) parU of gold. 

'I’lie alloy of silver and zinc is also brittle, rlatina unites 
viith zinc, ainl forms a brittle and fusible alloy, tolerably 
haid. and of u bluish uhile colour, not so clear as that of 
zinc. 

One part of zinc, and two and a half of mfreury, fornji by 
fusion an amalgam which becomes solid. It is used to excite 
electrical machines. 

The well-known alloy called brass, which is formed of zinc 
and copper, is usually formed by cementing cojiper in a close 
crucibb with cabuiitne, an ore which couiams zinc in the 
stale «*f an oxide. 

I'm and zinc combine readily, the alloy is harder than 
till. Lead and zinc nKt) form alloys which are harder than 
lead. Two parts of leaf! and three of zinc form a hard alloy, 
which bears iiammermg without extending. 

Iron and zinc ha\e .some aHinity, as iron may be coated 
with zinc instead of tin, for culinary vessels. The solutions 
of zinc which may happen to be obtained, arc uot dangerous 
like those of lead. 

If water be thrown upon ignited zinc, part of it is decom¬ 
posed : the oxygen converts part of the metal into an oxide, 
and hydrogen gas escapes. 

Sitlphiinc acid dissolves zinc without heat. A salt may be 
obtiimed by evaporating the solution; this sak, which is a 
Kul|ihate of zinc, ts km»w n by the name of white vitriol; it 
has a strong styptic taste. 

The nitric acid powerfully attacks zinc, and produces 
much heat; a great part of the acid is decomposed; but 
crystals may be obtained by the slow evaporation of the 
residue. This salt, or iiitrute of zinc, is deliquescent ; it 
melts upon heated coals, and decrepitates, producing a slight 
reddish dame. If it be exposed to heat in a crucible, it 
emits red vapours, n.ssumes the consistence of a jelly, and 
preserves this softness for a considerable time. The ntiric 
solution of zinc is very caustic, 
dd. Vui.. U. 3 D 
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Muriatic acid atso acta stmn^y mmn lino, witii iktf 
^agement of mncli hydrogcti gat.* Tfee sololion, by iiaiwra- 
tion, does not ciyitaUiso, but aiRnmca tbe conaii^not of 
jelly. Tbii jelly, if diatilted, allows aotne of the acid to 
escape, and partbf the mnnate sublimes. 

Most of the metallic and vegetable acids dimtdve idiic, 
which IS precipitated from its solutions by earths and atlmliesi 
tbe latter re*dissolve the precipitate, if added in excess. 

Sulphur cannot be made to combine with metallic linci 
but it combines readily with the oxide of tine. 

Zinc may be combined with phosphorus by casting small 
pieces of phosphorus upon the melted metal, which sbould be 
covered with tallow or resin to prevent its oxidation. Phos- 
phuret of zinc is white, with a shade of bluish gray, has a 
metallic lustre, and is a little malleable. 

Zinc alto combines with carbon, and forms a carburet of 
tine. It generally contains a smalt portion of carbon. 


Potmnutm. 

*nie fixed alkalies, potass and soda, are found not to be 
simple bodies, as had once been supposed, but oxides, each 
of tnem containing a peculiar metal in combination with oxy¬ 
gen. They were analyzed by Sir Humphrey Davy, in a course 
of experiments which that distinguished chemist undertook 
with the express view of discovering their nature. He sue.- 
ceeded by means of the galvanic apparatus in the following 
manner: 

In his first experiments he acted upon aqueous solutions of 
potass and soda, by a powerful Voltaic combination, but in 
this way he only obtained the decomposition of the water of 
the solution, rte then acted upon these alkalies in a state of 
Igpaeoua fusion. The potass was contained in a platina spoon, 
and was kept oerfectly fused, in a strong red heat, by means 
of a ttreMm of oxygen gas, from a gazometer ipolied to the 
flame of a spirit lamp. The spoon was preserveo in commu- 
nioatton witn the positive side of a battery of the power of 1(X) 
pimteaof 6 inches, iiighly charged, and the connection from the 
ne^thre side was made by a platina wire. The advantage of 
tlij» ifrangement over the aqueous solution was soon apparent. 
21^ potass appeared to be a conductor in a high degree, and 
lii Ipitt at Hie communication was piy^served, a moet intense 
lH&iens elfliflnted St the negative wire, and a column. ^ fisme, 
IraldltlklisBedl^ to to the development combostibie 

natter* Stole flrdmf Hie pmnt of contact. When the order was 
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ohftiiged* «o ibat iha platina spoon was made aegativa, a vivid 
and constant light appeared at the opposite point; Uiare was op 
effect of inflammatioo round it; but aeriform globules, which 
inflamed in the atmosphere, rose through the potass. 

As the oroducts of the decomposition, which evidently ap> 
peered to nave taken place in the above experiment, could not 
be collected. Sir H. Pavy determined to ap^y the galvanic 
electricity to the alkali in its usual state. A small piece of 
potass, moistened a little by the breath, was placed upon an in¬ 
sulated disc of platina, connected with the negative side of a 
battery, consisting of 100 plates of 6 inches, and 150 of 4 inches 
square, in a state of intense activity, and a platina wire, com- 
municating with Uie positive side, was brought in contact w ith 
the upper surface of the alkali. The whole apparatus was in 
the open air. Under these circumstances, a vivid action was 
soon observed to take place. The potass began to fuse at both 
Its points of electrization, and small globules, having a high 
metallic lustre, and precisely similar in visible characters to 
mercury, appeared, some of which burnt with explosion and 
bright flame. These globules are the basis of potass, which 
has received the name of potassium, and appears fully entitled 
to rank among the metals, as we shall proceed to shew. 

It next became a matter of considerable difficulty to preserve 
and confine Uie basis of potass, in order to examine its proper¬ 
ties. Sir H. Davy found, however, at length, that in recently 
distilled naphtha it may be preserved for some days, and that 
its physical properties may easily be examined in the atmo¬ 
sphere. when it is covered with a thin film of this fluid. 

Potassium, at the temperature of 60'^, is only imperfectly 
fluid; at 70^ it becomes more fluid ; and at 100^ its fluidity 
is perfect, so that diflerent globules may be easily made to 
run into one. At 50^ it becomes a soft and malleable solid, 
which has the lustre of polished silver; at about tlie freezing 
point of water, it becomes hard and brittle, and when broken 
in fragments, exhibits a crystallized texture, of perfect white¬ 
ness and high metallic splendour. To be converted into 
vapour, it requires a temperature approaching to that of a 
red heat. U is an excellent conductor of caloric and of 
electricity. 

Potassium will not sink in doubly distilled naphtha, the spe¬ 
cific gravity of which is .770. Its specific gravity is to that 
of mercury as 10 to 223, which gives a proportion to that of 
water nearly as 0 to 10, so lltai it is the lightest fluid body • 
known. Its levity is the physical property in which it differs 
most materially from the rest of the metals; yet between the 
lightest and heaviest of tbe established metals, the difference 
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is not mQcii lest, tbttii between the lightest of the estfthlliilted 
metals and polattium. 

When f»otaftstuiii is introduced into oxymuriatio acid gat, it 
bums spontaneottsW with a bright red light, and niurtate of 
potass IS formed.* When thrown upon water, it decomposes 
It with ^eat violence, an instantaneout explosion is produced 
with a lirilttant flame, and a solution of pure potass it the 
result. When a globule is placed upon ice, not even the 
solid form of the two substances can prevent their onion; 
for it instantly burns with a bright flame, and a deep hole is 
made in the ice, which is found to contain a solutioti of pot¬ 
ass. When a globule is dropped upon moistened turmeric 
paper, it instaiitiv burns, and moves rapidly upon the paper, 
as if ill search of moisture, leaving behind it a deep reddish 
brown trace. 

So strong is the attraction of the basis of potass for oxygen, 
that it discovers and decomposes the small quantities of water 
contained in alcohol and ether, even when they are carefully 
purified. 

When potassium is thrown into the mineral acids, it in¬ 
flames and burns on the surface. In sulphuric acid, sulphate 
of potass is formed; tii nitrous acid, nitrous gas is disen¬ 
gaged, and nitrate of potass formed. When pressed upon a 
piece of phosphorus, there is a considerable action; the two 
substances become fluid together, bum, and produce phos¬ 
phate of potass. 

When a globule '»f potassium is made to touch a globule of 
mercury, about twice as large*, they combine with considerable 
heat; the compound is fluid at the temperature of its forma¬ 
tion; but when cool, it appears as a solid metal, similar in co¬ 
lour to silver. If this alloy be exposed to the air, it rapidly 
absorbs oxygen ; potass which deliquesces is formed, and in a 
few minutes the mercury is found pure and unaltered. When 
a globule of the amalgam it thrown into water, it rapidly de¬ 
composes it %iith a hissing noise, potass is formed, liydrogeo 
disengaged, and the mercury remains free. 

TTic amalgam of potassium and mercury dissolved all the 
' metals that were exposed to it; and in ihia state of untoii, mer¬ 
cury acts on iron and platiiia. 

Potassium combines with fusible metals, and the alloy has 
a higher, point of fusion than the fusible metal. 

Potassium readily reduces the metallic oxides, when heated 
in contact with them. It deconmoses common glasa by a 
gdlHlc heat, and at a red heat effects a change even in the 
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ihftt )00 parts of potass, consist of about 84 basis, and 16 
oxygen. 


Sodium. 

When soda is exposed to the action of galvanic electricity, 
in the same manner as the potass, in the experiment above 
stated, a metal is obtained which is the basis of the alkali, 
and is called sodium. 

Sodium is while, op^ke, and, when examined under a film 
of naphtha, has the lustre and general appearance of silver. 
It is exceedingly malleable, and is much softer than any of 
the common metallic subsiarwes. A globule of it only one- 
tenth or one-twelfth of an inch m diameter, is easily spread 
over a surface of a quarter of an inch, and this property does 
not dimmish when it is cooled to of Fahrenlieit. 

hy strong pressure, globules of sodium may be made to 
adhere and combine into one mass; so that tiie property of 
welding, which belongs to iron aiul ]datina at a white heat 
only, IS possessed by this substance at couunon tempera¬ 
tures. 

Sodium conducts caloric and electricity in a similar manner 
to potassium; and small glohulc.s of it intlams by the \ oltaic 
electrical spark, and burn with bright explosions. It is pre¬ 
served under distilled naphtha m the same manner as pot¬ 
assium. 

Its specific gravity is somewhat le.ss than that of water, 
being as .IKJ48 to 1. It is therefore heavier than potassium, 
but tne difl’erence is so small that we place them in the order 
iu which they were discovered. 

Sodium has a much higher point of fusion than potassium; 
its parts begin to lose their cohesion at about and it is 

a perfect fluid at about 180’^, so that it readily fuses under 
boiling naphtha. But though so easily fused, it remains in a 
•tate of ignition at the point of fusion of plate gfass. 

The chemical phenomena of sodium are not very different 
from those of potassium. W’^hen exposed to the atmosphere, 
it immediately tarnishes, and by aegrees becomes covered 
with a white crust, which deliquesces much more slowly than 
that furnished by potassium. 

The flame that sodium produces in oxygen gas is w bite, and 
ittenda forth bright sparks, occasioning a very beautiful effect; 
in common air it burns with light of the colour of that juo- 
duced during the combustion of charcoal, but much brighter. 

When introduced into oxymuriittic acid gas, it burns 
vividly, with numerous scintillations of a bright red colour. 
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The subaUnce prodooed by ihi» combostton ie miimtt of 
soda (comiuoti aelt.) 

When thrown upon water, it produces a violent efiervet- 
cence. with a loud hisaing notaei it combinea with the osygen 
of the water to form aoda, and the hydrogen of the water is 
diaengat^. This experiment exhibits no luminoos appear¬ 
ance. With hot water, the deconipoaition is more violent, 
and a few scintillations are observed at the surface of the 
duid; but this is owing to small particles of iodtum which 
are thrown out of the water sudiciently healed to hum in 
passing through the atmosphere, 

Sodium decomposes the water of alcohol and ether, in the 
same manner as Uie water in these duids is decompoted hy 
potassium. 

It acts upon strong acids with great energy. With nitrous 
acid, a vivid inflammation is produced i with muriatio and aul- 
phtiric acid there is much heat but no light. 

Sodium, in its action omsuiphur, phosphorus, and the me¬ 
tals, scarcely diders from potassium. It combines with sub 
pbur m close vessels tilled with the vapour of naphtha, with a 
vivid light, heat, and often with explosion. The suipburet is 
of a deep gray colour. 

The pnospburet has the appearance of lead, and forms phos¬ 
phate of soda by exposure to air, or by combustion. 

One-fortielb part of sodium renders mercury a tixed solid 
of the colour of silver, and the combination t» attended with 
a considerable degree of heat. 

It makes an alloy with tin without changing its colour, and 
it acts upon lead and gold when heated, in its state of alloy, 
it ia soon converted into soda by exposure to the air. 

Sir 11. Davy concluded, that 100 parts of soda constat of 76 
or 77 sodium, and 24 or 23 oxygen. 

In concluding the communication to the Eoyal Society, 
from which the preceding view of the properties of potassium 
and sodium is derived, Sir H. Davy Justiy remarks, that an 
immense variety of objects of research is presented in the 
po«e» and affinities of the new metals produced from the 
alkalies. In themselves they wiU undoubtedly prove powef* 
fol agents for analysis; and having an affiinity for oxyjpti 
stronger than any other known subatances. they may possilily 
supersede the appticetioB of electricity to tome of the unde- 
oompotinded booies. 

In eaences kindred to chemistry, the kfiowle4ge #f the 
of the alkalies, and the analogies ariamg m otmee- 
jpmmrr, wdU open many new views ; they may lead to the 
scdi^oa of neoy prohlema in geolo^, aha ahew that agffitf 
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n»»y have operated in the formatton of rocks and earths 
which have not hitherto been suspected to exist. 

Brnnuth, 

Bistnnth is known among artisans by the name of tingfan. 
It is a metal of a laminated texture, a pale yellowish red 
colour; not ductile or malleable, but reducible to powder 
under tbe hammer. Its specific gravity is 9.822; its hard¬ 
ness is 6. It melts at the neat of 

Bismuth sublimes when heated in close vessels; when 
allowed to cool slowly, it crystallizes. It is not altered by 
water, and though it tarnishes by exposure to the air, it is 
not much changed. 

Bismuth combines with most of the metals; its general 
effects is to increase their fusibility. The alloy of bismuth 
and platina is very brittle. When exposed to the air, it 
assumes a purple, violet, or blue colour. The bismuth may 
be separated by heat. 

Equal parts of bismuth and gold form a brittle alloy, not 
much paler than gold. 

Equal parts of bismuth and silver also form a brittle alloy, 
but less so than the last. The specific gravity of this and the 
last alloy is greater than intermediate. 

The amalgam of mercury and bismuth is more fluid than 
pure mercury, and has the property of dissolving lead, with¬ 
out having its fluidity lessened. 

The alloy of copper and bismuth is not so red as copper. 

A small portion of bismuth renders tin brighter, harder, and 
more sonorous ; it is often therefore an ingredient in pewter. 
Bismuth remarkably increases the fusion of this metal: when 
the alloy consists of equal parts, it melts at 

Bismuth does not combine with zinc, and its alloy with 
iron, cobalt, arsenic, and antimony, is unknown. 

The alloy of lead and bismuth is of a dark gray colour, a 
close grain, and very brittle. The fusibility of a compound 
of tin, lead, and bismuth, has been pointed out in volume I. 
page 44. 

Bismuth expands as it cools, for which reason it is well 
adapted for casting, and is sometimes added in the com- 
poaition for printers’ types, particularly the smaller sizes, 
where a sharp perfect impression from the mould is of great 
importance. 

Bismuth may be used in cupellation instead of lead, and 
would for Ibis purpose be preferable to lead, were it not ao 
muchWre scarce and expensive. 
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This m«ul, when la a red heat, bwme with a Aunt 

blue Hame, and einiia yellawtah fiiniee, which when enn* 
densed, farm wl»at arc called fiawtn bismmth. Tbia ciaide 
it conrerted into a ^reenith gltaa by a itrong heat. 

The aulphuric acid, when concentrated and boiling, hat a 
alight action upon bismuth. 8ut(ihurous acid gaa ctcaMs, 
and part of the metal i« converted into a white oxide. The 
sulphate of bismuth does not cryatallixe, and ia very deli- 
quescetit. 

The nitric acid exerts a vehement action on bismuth. Much 
beat, with a large quantity of nitrous gas, ts evolved. The 
aolution. when saturated, ad'ords crystals as it cook. Thia 
nitnite detonates weakly, and leaves a yellow oxide behitid, 
which effloresce s in the air. 

The actum of the muriatic acid upon bismuth is very slow 
and inconsiderable, and even for this etlccl the acid must be 
highly concentrated. 

Water precipitates bismuth from all its solutions; the pre¬ 
cipitate. which is a beautiful while, is. when welt washed, used 
at a cosmetic, under the nanie of magistery of bismuth. It 
baa, however, the disadvantage of turning to a dark colour, by 
a very slight degree of sulphurous effluvia, and a* the metal 
resembles lead in its noxious rptahties, and is seldom free from 
araenic, like other mineral cosmetics, it cannot be used without 
danger to the skin and the constitution. 

Magistery of bismuth is sometimes mixed with pomatum, 
for the purpose of staining the hair of a dark colour. 

Sulphur combines readily with bismuth by fusion. The 
aulphuret of bismuth is of a bluish gray colour, and crystalliiies 
into beautiful tetrahedral needles. It contains 16 parts in the 
100 of sulphur. 

Phosphorus dropped into melted bismuth, forms a pbos- 

? buret of the metal, which only contains about 4 parts in the 
00 of phosphorus. 


A runic* 

Arsenic it of a brilliant bluish white colour, a laminated 
texture, friable, and very brittle. Us specific graviiv it 8.3)0, 
ite Jiardness 7. It soon tarnishes by exposure to the air, be- 
oomini^ first yellowish, and then black ; but if immeiaed in al* 
odhol^ tta metallic lustre suffers no diminution. It it oiie|Of 
tilt most combustible metals, burns with a blue flamef and fJie 

sublimes in the atate of arsaniouxacid, ,ll 
it, in all etates, one of the most virolent poisoiM kn(^», . 
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When txposed to the air, arsenic i« gradttally conrerted by 
combining with oxygen, into a gmyish black substance, a hich 
is tlie gray oride of arsenic* If tuts oxide be sublimed, the 
sublimate having combined with an additional dose olf oxygen, 
forms the white oride tf arseitir. which contains 7 parts in the 
100 of oxygen. This oxide glitters as if it w^re powdered 
glass; it nas an acid taste, which terminates in an impression 
of sweetness; it has a smell like garlic. This is the state in 
which the arsenic of commerce is met with. 

The white oxide of arsenic may be converted into the 
metallic state by beating it with oils, tallow, or charcoal, in 
ciose vessels; but this is seldom necessary in the arts, as 
it enters into combination with other metals from the 
slate of oxide. This oxide is soluble in HO parts of water, 
at the temperature of 60'^, and in 13 parts of boiling 
water. When the solution is evaporated, the oxide crys¬ 
tallizes; and when heated to 28^1^ it sublimes; if heated 
in close vessels, it becomes pellucid like glass, but soon 
recovers its former appearance by exposure to the air. The 
specific gravity of the glass is 3.0(X>; of the white oxide 
3.7(X). 

Almost whole of the arsenic which is sold, is obtained 
from the cohalt ores of Saxony, where long winding fines are 
constructed, to the sides of which the sublimed arsenic 
uUarhes lUt-li. 

Arsenic unites with most of the metals by rusion, and a 
very small quantity of it has often a material effect. 

IMutina and arsenic form a brittle and fusible alloy; the 
arsenic may be driven off'by a great heat. 

Gold by fusion takes up about j^jth of arsenic, with which 
it forms a naie and brittle alloy. 

Silver takes up one-fourteenth of arsenic. 

Copper combines with five-sixths of arsenic, forming a white, 
hard, and brittle alloy; when the quantity of arsenic is small, 
it it both ductile and'malleable; it is called white tombac, and 
is much used in the manufacture of buttons. 

Iron ta capable of combining with more than its own weight 
of arsenic; the alloy is white, brittle, and capable of crystal¬ 
lizing. 

The alloy of tin and arsenic is harder and more sonorous than 
tin, and hat nearly the same externa! appearance as zinc. Tin 
often contains a small quantity of arsenic. 

Lead hikes up one-sixth of arsenic. The alloy is brittle and 
dark coloured. 

Zinc takes up one-fifth of arsenic, antimony one-eighth, and 
bismufh onc-fiRieenth. 

43.—VoL. 11 
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Upon the whole, the effect of areenic is, to whiten the red 
and dark^colonred metals; 4o give brittleness to the ductile; 
to tncirate the fusibility of the refractory; and to render less 
fusible the rest. It is added to the composition for the mirrors 
of reftecting telescopes, to increase tiie density of the com*' 
pound. 

The snlphuric acid, boiled on the oxide of arsenic, dissolves 
it; but the ojitde is precipitated as Uie solution cools. 

The nitric acid dissolves the oxide of arsenic, by the assist* 
aaoe of heat, and forms a deliquescent salt. 

The action of the muriatic acid upon arsenic is very feeble, 
whether assisted by Heat or in the cold. The sublimed muriate 
or butter of arsenic, is formed by mixing equal parts of the 
yellow oxide of arsenic, and corrosive muriate of mercury, and 
distilling with a gentle heat; in the receiver will be found a 
blackish corrmiive liquor, which furms the sublimed muriate 
of srsenic. 

Potiss, boiled on the oxide of arsenic, becomes brown, 
gradually thickens, and at last forms a hard brittle mass, 
which is a deliquescent arsenical salt. Soda affords, by the 
same treatment, a product nearly similar. 

The combination of arsenic and sulphur is often found 
sative, of a fine yellow colour ; it is then called orpaneni; tiiis 
yellow suiphuret of arsenic may be prepared artificially, by 
mixiug sulphur with the white oxide of arsenic, and heating 
tbem. It contains about 21) parts of arsenic in the 100. If a 
atronger beat be applied, so as to fuse this suiphuret, it as- 
aumes a scarlet colour, and forms the compound called rtalgar, 
which contains bO parts of arsenic in the lOO. It is the red 
solpburet of arsenic. Realgar is occasionally found native, 
as well as orpiment. Lime and Uie alkalies decompose these 
•ulphurets. 

The pbosphuret of arsenic may be formed by putting equal 
parts of phosphorus and arsenic into a sufficient quantity of 
water, and keeping the mixture moderately hot for some time. 
U is black and briUiani, and ought to be preserved in water. 

llie oxide of arsenic promotes ibe vitrification of eartha^ but 
tlieglasaet into which it enters are liable to tarnish. 

Toe workmen employed in the mines which produce arsenic, 
•f« iubject to violent complaints,and a premature death. When 
idhls dmeterioos mineral has been swallowed, the tulphurel of 
ikotaai (livef of sulphur) dissolved in water, is prescribed aa 
llie ocrnl effectual antidote. Arsenic, wrhether aloneor in a 
Bmy be distinguished by throwing it upon burning 
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Antimony. 

Antimony is a brittle metal, of a white colour inclining to 
gray, a laminated texture, exceedingly brittle, and neither 
malleable nor ductile, it may be reduced to ^v'.der. It has 
some taste, but no smell. Its specific gravity is 6.860; its 
hardness 6.5. It tarnishes but little by the action of air or 
water. It melts at a low red heat, or 809^; and if the heat 
be much increased, it is Tolaiilized in wljite fumes. This 
white oxide of antimony was formerly called argentine snow, 
or Jiowers of antimony. 

If antimony be brought to a white heat, and then shaken, 
it takes fire with a kind of explosion. If fused on charcoal 
before the blowpipe, and thrown into the air, it divides into 
globules, and burns with a brilliant white light as it falls to 
the ground. , 

The antimony of commerce is found in two states, that of 
crude antimony, and in the metallic state: crude antimony is 
the sulphuret of this metal; and is the only ore of it which is 
obtained in sufticient plenty to he wrought. Metallic anti¬ 
mony, better known by the name of regains, is crude antimony 
deprived of its sulphur. If iron filings be fused with crude 
antimony, they combine with its sulphur, and the antimony is 
obtained pure. One-fiftb of iron will combine with all the 
sulphur by which this metal is mineralized. In the large w’ay, 
antimony it obtained by melting calcined antimony with dried 
wine lees in a reverberatory furiKace, and the sulphur is often 
not wholly removed from it. Sulphuret of antimony contains 
26 parts in the 100 of the metal. 

Anlimonv will enter into combination with most of the 
metals. With plalina it atfords a brittle alloy, which is much 
lighter than platina. The plalina cannot afterwards be sepa- 
ratad from it oy heat. 

Gold may be combined with antimony by fusing them 
together, and the antimony may be separated by an intense 

heat. 

Silver and antimony form a brittle alloy, the specific gravity 
of which is greater than intermediate between the specific 
grayiiies of the two metals. 

Mercury does not combine freely with antimony. Gellert 
succeeded by using hot mercury, and covering the whole with 
water. 

Bqual parts of lead and antimony, form a porous and brittle 
alloy; three parts of lead and one of antimony is the best com* 
position for printing types; and of all the alloys of antimony 
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it is the moHt tiseftil. It forms a hard aUo^, tcarcely iiialle> 
able, but to brittle as to break wttlM»ut bending, unleaa in very 
slender pieces; when properly prepared, its fracture baa the 
appearance of that of cast steel. In fusing the two metais. 
the antimony should be well miired by ttirring, as from ita 
levity it wilt float on the lead; if the mixture baa not been 
complete, the alloy breaks with brilliant facets. This alloy is 
more fusible and* fluid than either of the metals separately, 
and as antimony expands in cooling, it takes a sharp impres¬ 
sion of a mould, iiismuth is sometimes added to increase 
tins property, as w'ell as the fusibility; but this metal is too 
costly to be jOdded in any uselul proportion, except for the 
smalfest tyjMCs. The antimony should be completely freed 
from sulphur, other%»ise the types made of it undergo a spon¬ 
taneous decomposition, easily break, and are covered with a 
black crust. 

'I'vvclve parts of lead and one of antimony, form an alloy 
very malleable, yet much harder than lead; Ifi parts of lead 
and I of antimony, form an alloy which does not differ from 
lead, except in luing rather harder. 

f’opper combjn*'s readily with antimony; the colour of the 
alloy IS a beautiful viole^ and its specific gravity is greater 
than intermediate. 

The alloy formed by iron and antimony is brittle and hard; 
its specific gravity is less than intermediate. The disposition of 
iron to receive magnetism, is much impaired by antimony. 

The alh»y of tin and antimony is harder than tm. white, and 
brittle; thespecific gravity of the alloy is less than intermediate, 
yet the combination i« so intimate, tW it is scarcely possible 
to separate the antimony from the tin. A small portion of 
antimcmiy is added with Im to form pewter. 

Lt Sage analyzed some nails intended for ship-building, and 
found them to consist of three parts tin, two of lead, and one of 
antimony. These nails could oe made to penetrate oak-boarda, 
and were not acted upon by aea-water. 

The alloy of zinc and antimony is brittle. 

Pure water has some action upon antimony, for it becomes 
purgative by atanding in a vessel made of this metal. 

Sulphuric acid, boiled upon antimony, is slowly decomptumd*. 
Sulphurousj^s escapes, and sulphur tlaelf by continuing the 
pfo^M. .The sulpiiate of antimony ia deliquescent, and 
deNcjlmposefd by the fire. 

The nitric acid is decomposed by antimony very remlily; 
a part of the antimony is oxidizeo, and part of 

thd is diasplved. This oxide is very white, and oifiicoU 
of fedoetion. 
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The muriatic acid acts feebly upon antimonyexcept by 
long digestion. The muriate of antimony, obtained by evapo¬ 
ration, it very deliquescent; it is fusible in the fire, and vo¬ 
latile. 

Two parts of corrosive muriate of mercury, and one of the 
muriate of antimony, distilled by a gentle heat, afford the 
common butter 9/ miimonijf, or sublimed muriate of antimony. 
This preparation is fluid at a gentle heat; by plunging the 
veasei which cxmtatns it into hot water, it becomes sufficiently 
fiutd to pour oat. 

When butter of antimony is dropped into water, part of the 
nietai, in the form of an oxide, is thrown down in a white 
powder. This substance is called powder of af^aroth, which 
acts as a strong purgative. 

if siilphuret of antimony be melted, and the heat continued, 
the sulptHir sublimes, and the antimony is c(?nverted into a 
gray oxide; this oxide may likewise be obtained by powdering 
niHaiiic antimony, and then submitting it to calcination. The 
oxide will combine with -;^n of sulphur, and this compound 
forms hy fusion, a glass, called the gioss of aaiimouif. 

Antimony supplies medicine with some of the most active 
and xaKinbte remedies. The acid of tartar forms with it tlie 
pr«*piiration called emetic tartar, the new name of which is 
anttmonialed tartrate of fiotau; it is composed of 66 parts tar¬ 
trate of antimony, >16 tartrate of potass, and eight of water. 

The alkalies and lime decompose the aotimoniated tartrate 
of potass. 

The alkalies alone have no perceptible action on antimony, 
but tlie alkaline suiphtirets dissolve it completely. Kermes* 
mineral, a medicine formerly of great celebrity, is a red 
sulphuretted oxide of antimony. It is prepared bv: boiling 
together half a pound of the sulphuret of antimony in 
powder, and two pounds of potass, in eight pints of pure 
water, for fifteen minutes; stirring the mixture with an iron 
spatula; and then expeditiously filtering it whilst it is hot. 
1 he liquor is now suffered to stand in a cool place, where it soon 
deposits a powder that must be repeatedly washed, first with 
cold, and afterwards with hot water, till deprived of taste. 

^’The antimony may be used again, until entirely consumed. 
According to the quantity which is taken. Kermes’ mineral 
operates as an emetic, purgative, sudorific, or expectorant; 
its active properties render half a grain in most cases sufficient 
at a time. 

Phosphorus, thrown in small pieces upon melted antimony, 
combines with it. The phosphuret of antimony is of a white 
colour, brittle, and appears laminated when broken. 
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T^UttnwH* 

TeUaiimii ts s recently diteovered metiil, netrly white like 
tin. but veti^iiie a little to the gnyneet of lead. Its fracture 
is Jamtnattd. It is extremely brittle, and nearly as fusible as 
lead. Wheu heated with the blowpifie upon charcoal, it 
burns with a scry lively dame, of a blue colour, inclining 
at the edj^a to green. It is so volatile as to rise entirely 
in a whitish gray smoke, and exhales an odour like that of 
radtdbes. The smoke condenses into a white oxide. Its 
specific gravity is 6.116. 

Klaproth, ^ho discovered this metal, found it in an ore 
called the auriferous ore, otherwise nvntm paratloxicum, which 
is obtained in Transvivania, and which contains but a very 
amaU quantity of gold. 

Tellurium amalgamates with mercury by trituration. It is 
oxidized and dissolved in the principal acids. To sulphuric 
acid it gives a deep purple colour, and if this acid has been 
diluted with two or three parts of water, and a little nitric acid 
added, a considerable portion of tellurium will dissolve in it, 
and the solution will not be decomposed by water. The solu¬ 
tion in sulphuric acid alone is separated by water in black 
flakes, and beat throws down a white precipitate. 

With nitric acid, tellurium forms a colourless solution, w hich 
remains so when diluted, and alTords slender, dendritic ciys- 
tais by evaporation. 

Tellurium dissolves in nitro-muriatic acid; the solution is 
transparent, and the addition of water precipitates a white 
powder, which is soluble in tbe muriatic acid. Alcohol pro- 
auoes a similar precipitate. 

Iron,%n. zinc, and antimony, precipitate teiluriiira from its 
acid solutions in a metallic atate, under the form of small black 
flakes, which resume their splendour by friction, and which on 
burning charcoal rapidly melt into a metallic button. 

Tbe alkalies throw down from the solutions of teilurium, a 
white precipitate, which is soluble in all the acids by an txcesa 
of tbe mlkauea or their carbonates. 

Tung$ten. 

Tm^pflen ia extemidly of a brown colour, initmally of a 
■teel gray. ’ Im specific gravity is 17.600, and it is extromely 
difiBienli of fusion. 

This metal is in Sweden obtained from an ore in which its 
oij^^ axiftt in combination with lime; in Germany and 
Blgliodl# it may be obtained from a minerml called wolfram. 
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in which it exists in combination with iron. The oxi<le of 
tungsten has acid properties, and it is therefore called the 
tunptic add. 

iVElhuyart found that wolfram contained of tnng’stic 
ac»di the rest of it consisted of iron, manganese, ana tin. 
This acid substance being mixed with charcoul powder, was 
violently heated in a cructole. On opening the crucible after 
it had cooled, a button of metal was found of a dark brown 
colour, which crumbled to pieces between the fingers. On 
view ing it witli a glass, it was found to consist of a congeries 
of metallic globules, some of which were as large as a pin 
head. These globules were the tungsten; the charcoal had 
cuinhined with the oxygen of the acid suhstancit, and left the 
metal pure. VV'hen heat is applied with access of air. tungsten 
is converted into a yellow powder, composed of 80 parts of 
tungsten, and 20 of oxygen. This is the yellow oxide 
stem, or the tungitic add. 

Vanqueiin considers that the substance formed by the com* 
binalion of tungsten with oxygen, does not possess the pro- 
perttes generally attributed to acids; since it is insoluble in 
water, docs not change the blue vegetable colours, and has no 
apparent savour. He advises it therefore to be called merely 
an oxide of tungsten, observing that Scheele, who regarded it 
m an acid, never obtained it but in a triple combination, which 
possesses acid properties. 

Morveau asserts, that the oxide of tungsten renders vege- 
table colours so fixed, as not to be acted upon by the oxy- 
muriatic acid. 

Neither the sulphuric, the nitric, nor the muriatic acid, dis> 
solves either tungsten or its oxide. 

The alloys of tungsten, and the uses to which the metal 
it»clf may be applied, appear to be little known. 

Solutions of caustic potass, soda, and ammonia, dissolve 
the oxide of tungsten, even in the cold, forming tungstate 
potass, soda, and ammoniac. 

Tungsten refuses to unite with sulphur. 

A tungstate of magnesia is formed, by mixing oxide of 
tungsten with carbonate of magnesia and water; boiling the 
.mixture, and straining it. An acid will precipitate a white 
powder, and by evaporation a soluble salt is obtained, which 
crystalliaea in little bright spangles, and ia unchangeable 
in air. 
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Mhodmm, 

Rboditim it one of tbe new meieit obt&iiied from ibe ^mtnt 
of crude pkliiim. Its epectbc gravity t» about 11. It tit not 
malleftble, and baa never been perfectly fated alone. Sulphur 
and araeotc render it fnsible» and may afterwarda be expelled 
by heat. 

Rhodinm nnitea readily with every metal which Dr- Wollaa- 
ton, ita ditcovcrer, tnecl, except mercury. With gold or 
stiver the alloy is lualicuble, not oxidized by a high degree of 
beat, but becoming encrusted with a black oxide whcti slowly 
cooled. One>«ixth of il doat not perceptibly alter the colour 
of gold, bat rendeni it mueb less fusible, neither the nitric 
nor nitro^munatic acid "nett on it in thj state of alloy with 
gold or tilver, but if it be fused with three parts of bismuth, 
lead, or copper, the alloy is entirely soluble in a mixture of 
nitric with two parti of muriatic acid. 

Vramum. 

Uranium is of a dark gray colour on the surface; within it 
ts of a pale brown. Its hardness is about b; it is more diSi- 
enll of ittiion than manganese. It is little known, and appears 
not to have been obtained in a state of purity, as the specimens 
of different chemists have varied in specific gravity from 
6440 to 9.0<K). 

Klaproth discovered uranium in a mineral called peeh-blemie, 
which is obtained in Saxony, and which had been usually 
considered as an ore of zinc or iron, or even tungsten; but 
Klaproth’s analysis evinced that it was the sulphnret of 
uranium. 

When exposed for some time to a red heat, in a close vessel, 
uranium suffers no change; but by means of nitnc acid, it is 
converted into a yellow oxide. This oxide is soluble in 
dilated sulphuric acid gently heated, and a^ords prisnutic 
crystals of a lemon colour, it is also soluble in ntttro»muriatic 
amd, and may be precipitated by alkalies. 

Urantnin has not been applied to the arts. 

Cobalt. 

Oolmlt is of s whitish colottr, inclining to a bloisb or steel 
gray. When pure, it is somewhst malleable while rcd*h^ 
and is siso sttracted by the magnet, its hardneiw is 8, snd its 
tiipoeiffe*gravity is usually about 7.811. It is brittle, and has 
a doll# <£»so>gratcied fracture. It is not acted upon by water, 
but tendsfaes lA ths stff H requires, for its fusion, a beat not 
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inferior to that required for cast-iron. It has never been vola¬ 
tilised. 

Cobalt has never been found native; but mostly in the shi^ 
of an oxide, united with arsenic, sulphur, iron, Stc. It is 
plentiful in the mines of Saxony; and is also abundai^y 
obtained in this country in the Mendip Hills,. Somersetshire, 
and in a mine near Peoxancc, in Cornwall. 

Arsenical cobalt is of a spay colour, and becomes black by 
exposure to air. The sulphurous ore of cobalt resembles the 
grav silver ore in its texture. 

\Vhen the oxide of cobalt has been freed from arsenic and 
sulphur, which is done by pulverixing it, washing it, and tiien 
exposing it to a strong heat, it hacs an obscure gray colour, 
and is called zafi're. When zaffre is fused with three parts of 
pulverized flints, and one of potass, a beautiful blue glass is 
obtained. This glass, when pulverized and washed, constitutes 
the imalt of commerce. Smalt is used to give the blue 
colour toswriting papers, to starch, and linen. It also supplies 
a blue colour to the painters of earthenware and porcelain, 
and to euaniellers. 

Metallic cobalt may be obtained by fusing zaifre in a 
white heat, witli three times its weight of black flux: the 
cobalt, when reduced, sinks to the bottom of tlie crucible. Or 
It may be obtained by fusing smalt with six or eight times its 
weight of soda. 

Cobalt resists cupelhitioii, nor will it amalgamate with mer¬ 
cury. It forms alloys with few of the metals ; that w ith tin is 
of a light violet colour: the metals with which it combiner 
most readily are arsenic and iron; these, when combined with 
it, are separated with difticulty. With iron the alloy is bard, 
and no* easily broken; witli arsenic it is brittle, fusible, and 
more easily oxidized than pure cobalt. 

To dissolve cobalt in sulphuric acid, the acid must b« 
highly concentrated, and distilled upon it almost to dryness. 
By washing the residuum, a portion of it dissolves in the 
water; this portion is sulphate of cobalt. The other part con¬ 
sists nf oxide of cobalt. The cobalt may be precipitated from 
the water by lime and alkalies. 

Kitrie acid dissolves cobalt by the assistance of a gentle 
beat, lame and alkalies {Mrecipitate it from its solution, and 
an excess of alkali dissolves the precipitate. 

Muriatic acid does not dissolve cobalt without the assistance 
of heat. The nitroHoiuriatic acid dissolves cobalt more readily. 
This solution, much diluted, forms the much admired sympa- 
tibetic ink, which when written ivith upon paper is ’invisible, 
but when the paper is warmed, the cnaracters appear of a 
i4.-«Voi.. II. 3 F 
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beautiful green, that gradually dinappram as the paper cools, 
and the experiment may be rejnsatca with the same result for 
an indefinite nugalxir of times. 

Sulphur is not readi{Y combined with cx»balt by art; but 
alkaline sulphtHrets readily form the combination. 

The phosphuret of cobalt may be formed by dropping small 
pieces of phosphorus upon igitited cobalt in grams, it is 
white and brittle, and soon loses its lustre by exposure to the 
air: it is more fusible than cobalt. 

Mot^^bdenum. 

The ore containing mc^j^enum has almost the appearance 
of plumbago, and therwre, though scaly ainl more shtuing. it 
was, before It was carefully uiiulyred, miHtakeu for that mineral. 
It is nnctuous to the touch, soils the fingers, and makes 
whitish and brilliant trares ujkhi pa|>er, whereas the traces of 
plumbago are dull. It ha# never been perfectly reduaed; when 
made into a paste with lin«i ed*oil, «»r any other luilable sub¬ 
stance. the strongest fires only agghitinuts it in brittle masses 
consisting of small grains. These grain# are of a whitish 
yellow colour, but their fracture i# a whitish gray. Their 
specific gravity is at least 7.5tK>. 

The alloy# of molybdemiin hare been little examined; those 
with silver, iron, and copper, are friable; lliose with lead and 
tin pulverulent and infusible. 

Molybdenum, by a strong heat, is gradually converted into 
ft whitish-coloured oxide. Nitric acid, which has a tapid 
action upon it, converts it into a white oxide. This oxide has 
the properties of an acid, and i» therefore called mot^bdte acid. 
It dissolves in 576 parts of water at a mean temperature. It 
decomposes the solutions of soap, and precipitates alkaline 
auhihurets. 

The muriatic acid has no action upon molybdenum, but dis¬ 
solves its acid, which is also done by the sulphuric. Heat 
should be employed with both these acids. 

Schcele discovered, 1, that fixed alkali rendered molybdic 
acid more solilble in water; 2, that this salt prevents the acid 
of molybdenum from volatilization by heat; o, that molybdate 
of potass fells down by cooling, in small crystalline gnuns, and 
itot it may likewise be separated from this solvent by the sul- 

M^ (O09wmi is preptred by precipitating tin from its solu¬ 
tion ip amriario acid with the molybdate of potass. The mu- 
ric^ ioid snites with the alkali, and the molybdio with the 
tin, to the blue precipitate. 
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Mangane$e. 

A mineral, called the soap of glass, has bei» employed for 
time immemorial in the manufacture of glass, which it whitens 
and renders colourless. It is usually of a gray or blackish 
colour, and soils the fingers. This mineral is the oxide of a 
peculiar metal called manganese. 

Metallic manganese is of a grayish white colour, brittle, 
though not easily broken, and devoid of malleability. When 
reduced to powder, it is attracted ^ the magnet. Its specific 
gravity is 6.990; its hardness H. it is more difiicult of fusion 
than iron. 

When manganese is exposed to the atmosphsre, it soon 
taniislies.and becomes at last black and friable; heat accelerates 
this chang'* • which produces the substance called the black 
oxide of manganese. It is this uxide of the metal which is 
usually employed in the arts, and in which state manganese is 

f jeneraliy found. Th» counties of Somerset and Devon supply 
arge quantities of it, and in the vicinity of Aberdeen a mine of * 
it has been lately discovered, which furnishes twenty tons per 
week. 

The black oxide of manganese contains 2.> per cent, ol 
oxygen ; a portion of this oxygen is separated by heat, and 
thert fore the oxide has n*rentlv become important, for the pur¬ 
pose of furnishing this gas. VVhen manganese is employed in 
preparing oxyniunatic acid for medicine, the purest, such as 
that from Upton Uvne, should be used. That from Bristol 
and the Mendip Hills, generally contains lead. 

Manganese is susceptible ot tliret: ditferent degrees of o.xy- 
dizement, fonuiiig the white, llie red, and the black oxides of 
inanganest* An oxide contaiiung still more oxygen is asserted 
to be of a dark green. 

Metallic manganese may be obtained, by mixing the black 
oxide into a ball w ith lin>eed-oil; putting this ball into a cavity 
made in a lump of charcoal, covering it w itli a layer of char¬ 
coal, enclosing the whole in a crucible, and subjecting it to an 
intense heat for one or two hours. Saline duxes should be 
rejected for reducing tliis mineral, because it lias so strong a 
disposition to vitrify, Uiat it would be suspended in a flux of 
that kind. 

Manganese unites by fusion with all the metals except mer¬ 
cury. With copper and iron it appears to combine the most 
readily ; but none of its alloys are used in the arts, or known 
to be valuable. 
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The sulphuric acid attacks mangaoeiMP. and produces hydro* 
^en gas ; the solution goes on mere slowly than that ot iron 
in the same acidli; it is colourless. Sulphuric acid extricates 
froQi the oxms of ma|^gaaese, a large quautity of oxygen 
gas. ^ ’W 

The oxide of manganese is dissolred by nitric acid ; und 
muriatic acid, digested upon it, seizes its oxygen, and passes 
in vapour through the water. This vapour is oxymufiatio 
acid. 

The oxide of manganese combines with alkalies. It also 
eombtnt*s with sulphur, which the metal does not. 

Manganese at a red heal, combines with pbosphonis. The 
phcNsphiiret is of a white colour, brittle, granulated, disposed 
to cr>‘staUtxe, not altered by exposure to the air, and more 
I'ustihle than manganese. 


TantaHum. 

From a fossil called tautaiite, and another called ^treiantM- 
Hit, iskeberg extracted by means of the hxed alkalies, a white 
powder, which he ascertained to be the oxide of a peculiar 
metal. *To this metal he gave the name of tantahum. 

When tlie oxide of tantalium above inentioiicd is powerfully 
heated with charcoal, a buttou of metal is obtained, willi a 
metallic lustre externally, but internally bltck and without 
brilliancv. Its hardness is 7 ; its sjiecifit* gravity b.h. The 
acids will reduce it again to the state of white oxide, but 
they will not dissolve it. The oxide is not chang^ by a rtd 
heat- Caustic fixed alkali is the only re-agent which has any 
action upon it. 


1 itanium* 

Titanium is of a broimish red colour, almost like copper* 
fts lustre is considerable, it is brittle, and very difficult of 
fustoii. Its iqiieciftc gravity is 4.18 ; iu hardness 9. 

Titanium is obtained from a minei^, plentiful in Hongwry, 
called rtd ichoirt, urbich is its native red oxide ; and lirom 
mineral obtained in Cornwall, called memclumUt, 

Vananelin obtained metallic titanium from its tmitvg red 
oxtde/^ mixing together 100 parts of this oxide with 60 
calcixied borax, and^ of charcoal, formed into a paste with 
odj ai^ exposed the whole to the heat of a forge raiaed to 160* 
of ViwtgMQod, 

mhhti hi acted upon by the principal acids, «xc«i>t the 
nitric, and forms salts with them. It also combines wUh 
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pbonphortit. The phosphuret i» of a pale ivbite colour, brittle, 
{^nular, and infusible by the blowpipe. 

. The attempu to alloy titanium have not 8 i|ppeeded. 

Chromium. i 

Chromium is of a whitish colour, iudlimng to gray; it ia veiy 
brittle; its fracture presents a radiated appearance, needles 
crossing in difierent direction*, with interstices between them. 
It is climcult of fusion, resisting the heat of the blowpipe. 

Chromium was discovered by Vanquelin, in analyzing a 
beautiful mineral called red lead oj Isib^ia. The mineral is a 
cbromate of lead, in which chromium exists in the state of an 
acid, its colour is a tine aurora red, with considerable lustre. 
C'hroinium has also been found united w'ith iron, forming 
chromate of iron; it also exists in some gems, of which it 
appears to constitute the colouring principle. In the emerald 
it exists in the state of green oxide, and the spiral ruby con¬ 
tains it 111 the slate of an acid. 

\'aiK{ueUn extracted • this metal from the red-lead ore, by 
adding to it muriatic acid, which combines with the oxide of 
lead. Olid forms a compound that is precipitated, the«chromic 
acid reiuaining in solution. To abstract a little muriatic acid 
coiithiited with it. oxide of silver is cautiously added, and the 
pure chromic acid being decanted from the precipitate of 
muriate of silver, and evaporated, is exposed to a very strong 
heat excited by a forge, in a crucible of charcoal, placed within 
another of porcelain. It i.s thus reduced to the metallic state. 

Sulphuric acid decomposes the red-lead ore, but it is diffi¬ 
cult to separate the products. Nitric acid does not decompose 
this ore. 

Chromic acid is very soluble in water; it is of an orange-red 
colour, with a pungent metallic taste ; by evaporation, it affords 
crystals in long sletider prisms of a ruby red colour. This acid 
combine* with the alkalies, earths, and metallic oxides, and the 
neutral salte which it forms with them are called chromates. 

The combination* of this acid with metallic oxides are in 
genera! possessed of very beautiful colours, and are well 
adapted m the purposes of painting. That with oxide of lead 
has«n orange veilow', of various shades; that with mercury, 
a vermilion red ; with silver, a carmine red; with zinc and bis¬ 
muth, the colours are yellow; wiffi copper, cobalt, and anti¬ 
mony, they are dull. 

The term chromium is derived from a Greek w^ord signify¬ 
ing colour* and ia applied to this metal on account of the 
diversity of colours which its compoands form. 
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The specific gmirily of chromiimi and the four fotlowiiig 
metels is uncertain. 


Coittmlnum. 

A 

A mineral in the British Museum, sent to Sir Hans Stoane 
Ufith some iron from Massachusets, upon heing examined by 
Hatchett, was found to contain a new metallic substance, to 
which that eminent chemist has given the name of c&fum- 
bium. 

The ore of columhium has .never been perfectly redured.but 
it affords an acid, called the columbic acid, which differ* from 
all other bodies. The alkalies throw it down fron» its acid 
solutions, in white Hakes. Prussiate of potass cliange* the 
colour to an olive green, and a precipitate of the same colour 
is i^duaJiy formed. Tincture of galls produces a deep orange- 
coloured precipitate. Zmc occasions a white precipitate. 
The fixed alkalies readily combine with the columbic acni. 
It is insoluble and unalterable with regard to colour by the 
nitric acid. 


Cerium, 

Cerium is another newly discovered metal, which exists in a 
mineral called cerite. Csritc is Renii-iransparent, generally of 
a reddish colour, though occasionally yellowish. S>omc speci¬ 
mens are hard enough to scratch glass, and to strike fire with 
steel. To obtain the oxide of cerium, this mineral is pulveriz¬ 
ed, calcined, and dissolved in nitfo-muriatic acid. The filtered 
eolation, heing neutralixed with potass, is to he precipitated by 
tartrate of potass ; and llie precipitate, wtdl w ashed and after¬ 
wards calcmed, is oxide of cerium- This oxide is susctmtihlc 
of two degrees of oxidation ; in the first it is white, and this 
hy calcination becomes of a fallow red. 

The white oxide of cerium, mixed with a large proportion of 
bomx, fuses into a transparent globule; hut in attem}>ts to 
cditiun the metallic wrium, the quantity operated upon has 
always been so liur dissipated, that the sensihle propeiliet of 
tha mttal are onknown. 


Iridium. 

In a black powder left after dissolving crude plattna* 
Tenaaidlf.diaeoveririi two new metals, to one of which he |ave 
the fty tfte nf iridium* To analyze this powder, it waf mixed 
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with pure dry soda, and kept at a red heat for some time in a 
silver crucible. The alkali was then separated by solution in 
water, and the undissolred part of the powder was digested 
with muriatic acid, with which a solution at first of a dark blue 
was obtained ; it afterwards became' of a dusky olive green, 
and at last of a deep red. This acid solution contains two 
metals, but chiefly indium. By its evaporation may be 
tained an imperfectly crystallaed mass, which, dissolved in 
water, gives by evaporation distinct octahedral crystals. These 
crystals, dissolvetl in water, produce a deep red solution, 
inclining to orange. By exposure to heat, the acid may be 
expelled, but the iridium thus obtained has never been fused 
except by a powerful galvanic battery. Its oxide, when ob¬ 
tained as above stated, is white i it neither combines with 
sulphur nor arsenic. Lead unites with it easily, but is sepa¬ 
rated by cupellation, kmving the iridium on the cupel, in the 
fonn of a coarse black powder. Copper and silver form with 
it lualleabie alloys; but the iridium appears to be diffused 
through the silver only in the state of a fine powder. Gold 
remains malleable, although alloyed with a considerable por¬ 
tion of ii; and is not separated from it either by cupellation 
or quartation. 


Osmium. 

The metal found along with iridium, in the black powder 
left after dissolving platina, is called osmium. 

The oxide of osmium may be obtained by distilling with nitre 
the black powder above mentioned; at a low red beat, an appa¬ 
rently oily fluid sublimes into the neck of the retort, which, on 
cooling, concretes into a solid, colourless, semi-transparent 
mass. This being dissolved in water, forms a concentrated 
solution of oxide of osmium. This solution indelibly stains 
the skin of a deep red or black. Infusion of galls renners the 
solution at first purple, but in a little time it becomes of a deep 
vivid blue. If mercury be agitated with the solution, it forms 
with the osmium a perfect amalgam; part of the mercury may 
be separated by squeezing it through leatlier, and the rest by 
distillation, which will leave the osmium pure, in the state of 
a black powder. This powder has never been fused. It forma 
malleable alloys with copper and gold. 
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OF COMPOUND SUBSTAHeES. 


Al.KAt4lKS. 

Alkalies ant |ios»eKsed of tbe foUowinnf propertieti: 

1. They are soluble in water; 2. they have an acrid and 
ttriaoua taste ; 3, they are tncumbustthle ; 4, they change most 
▼egetahle blues to gre«n» and the yellow to a brown ; 6, they 
form neutral salts with acids; b, they render oils miscible 
with water. * 

Tile alkalies are three in number, f»itau, mda, and mmmmia. 
Potass and soda are called Jimd alkahes, because they are not 
¥olatilixe<i. aicept by an intense beat; ainmoina is called the 
volatile alkali, because it is dissipated or converted into gas at 
a moderate beat. 

Oxygen t» a component part of all the alkalies, and appears 
clearly, in the case o( the two fixed alkalies at least, to be the 
alkalizing principle. The bases of the alkalins are metals; ot two 
of them, called potassium and sodium, we bare already treate d; 
that from ammonia has been very little e.\aiuiiied. 

Poiau, 

If the ashes of burnt eegetables be repeatedly lixiriated, 
oittil they cease to communicate any taste to the water, and tlie 
wnter be evaporated to dr^neas, a saline residue i» obtained, 
which in commerce t» known hy the name of potaaJt. It has 
been called the vtgetaMe mikaJi, because it was supposed to be 
furnished by vegetables only. 

Potash contains a number of foreign salts, and other im« 
pttrilMS i but when deprived of all these, it is cnU«d by chemists 
p€4€m. 

Psore potass is extremely white, and so caustic, that if ftp< 
plied to the hand, the akin is instantly destroyed ; it is tliere* 
late in this siate called camtic aikalL 

The potash of commerce is always combtited with carbonic 
setd,.l^ which it has a strong affijiitv, and it ktliis addition 
whi^ disguises its properties more than all tha last, and ie^ 
doega it to its usual state of what is called wild alkali, or by 
chesuita mtbomUv of potau, or rather *ulhatrbmatt tfpotmi, 
aa Uia not aaturated with Die carbonic acid. 

If be diasolved in water, and mixed with ea equal 

quimtitjriiM quioldtpe made into a paate widi the aaiiie Etud, 
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lh« lime having a greater affinity for the carbonic acid than the 
potaaa, witt combine with it; the potaas rematos in aolution* 
and may be separated hrom the lime by filtratkin. The evapo* 
ration of this aolntion should be performed in close vesaeis, 
otherwise the notass will abstract carbonic acid from the air. 

Potass is soluble in its weight of water; it attracts moistare 
from Uie gases with great avidity, and therefore affords the 
means of drying them. It is soluble also in alcohol, which is 
not the case when it is in the state of a carbonate. 

fiy exposure to heat, potass becomes soft, and at the com¬ 
mencement of ignition it melts into a transparent glass; by 
increasing the heat it is volatilized. 

Potass and silei. when fused together in equal quantities, 
comliioe and form gia$g. If the proportion of potass to that 
of silex be as three or four to one. the glass will be soft, and 
soluble in water; this composition is called $i/iceou$ potass, or 
iiqttor ofjimts. 

if a solution of potass be boiled upon silex recently pro¬ 
cured, it dissolves a part of it. As Ine solution cools, it as- 
sttioea the appearance of a jelly, even though previously 
diluted with seventeen times its weight of water. 

Potass combined with fixed oils, forms soap. 

It combines with sulphur both in the dry and the humid 
way, forming tulphuret of potass. When this sulphuret is ob¬ 
tained by the fusion of its component parts, it is of a brown 
colour, soluble in water, and soon attracts water from the 
atmosphere. When it has acquired moisture, it is then in 
a state to act on the air, from which it will abstract oxygen, 
and if inclosed with a quantity of it in ajar, the nitrogen will 
be left alone. 

Sulphuret of potass, allowed to* remain moist in the 
atmosphere, is at length converted into sulphate of potass; 
for tba sulphur, combining with oxygen, forms sulphuric 
acid, aud the water is decomposed, giving out sulphuretted 
hydrogen gas. 


Soda. 

Soda called also wdaerai or fossil alkali, because it was con¬ 
sidered aa exclusively derived from the mineral kipgdoro, is 
nearly aimitar to potass in its properties. 

Soda is one of the most abundant substances, but it is never 
met with naturmny, except in a state of combination. It forms 
common aalt when combined with muriatic acid, and this 
compound is themfore called nutriate of soda. Hence those 
inexiiaustible mines of salt, which are found in England, 
44.-_VoL. II. 3G 
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Poland, and other coaniHes, and even the ocean ritelf. which 
holds it in solotion, are so many east depotiloriet of s^t. 

The Prcnch chemists bare attempted to obtain mortatio actdi 
and soda, by the decompotition of sea-aalt. but the process fa 
too ej^iMiee for general use. The soda of commerce is there¬ 
fore obtained from the ashes of marine plants, and from one of 
these (the mlmh $oda) it derires its name. In Scotland this 
and other sea-weeds are collected, dried, and burned in pits 
dug in tbe imnd, or in heaps surrounded hy loose stones. 
Fresh quantities are added, as the 6rst are consumed, and a 
hard residuum is obtained, which is of a black or bluish co¬ 
lour ; it is called Mp, and contains from 2i to 5 per cent, of 
sods. On the coast# of France and Spain, the same kind of 
manufacture is carritnl on, and the produce is called barilla. 
The barilla of Alicaiit is much noted. 

Soda is obtained from kelp and barilla by lixiristion, filtra¬ 
tion, and crystallization. These processes leave it tn tbe state 
of a carbonate, but it may be deprived of its carbonic acid, and 
rendered caustic, by lime, in the same manner as potass. 

Potass and soda, in a state of purity, cannot be disiuiguisbed 
by inspection from each other. The oxalic acid has been used 
as a test to distinguish them. This acid, with potass, form# a 
eery soluble salt, but with soda, one of difficult solubility. A 
solution of the ore of platina in nitro-mnriatic acid also afibrds 
the means of distinguishing them; for tbe solution of potass 
will form a yellow precipitate, but soda gives no precipitate. 

Fourcroy suggests that soda i# the most proper of the two 
fited alkalies to be employed in medicine; because animal aub- 
^ stances always contain it, but they never contain potass. 

if potass be exposed to the atmosphere, it deliquesces, that 
is, acquires moisture; if soda be exposed in the samn^anner, 
it effloresces, that is, parts with moisture, and is |g>nvertcd 
into a dry powder. 

Soda is preferred to potass in most manufiictnret, its affini¬ 
ties in general are not so strong as those of potass, it is there¬ 
fore less corrosive. It is more fusible alone, and fuses silex 
more readily than potass, hence it is employed in the manu¬ 
facture of glass. 

Carbonic acid renders soda, af well as potass, fit fbr many 
purpoaea to which, in its caustic state, it would not be appli¬ 
cable. It ia in .this atate that these alkalies sre employed in 
mediciiie, apd in washing linen. 

*fl|t combination of pomes or soda with oil or tallow, forme 
•CMip $ but soda forms hard soap, while potass only uibvds 
soft soiqb Soda is therefore much more valuabk, and gene¬ 
rally naed in tbs manofiictare of soap, for which vae it is ren- 
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dered caustic by quicklime. Muriate of .soda ia added ip 
making acap, in order to harden it The brown or yellow aqap 
containa a quantity o£ roain. Black or green aofl soap ia made 
with the coaraeat oila« and retaina all ita alkaline ley. 

The weakest acidSkhave the power of decompoaii^ aoap» 
because they have a stronger attraction for its alaali (ban the 
oil. Soap ia also decomposed by metallic oxid^ eai^a, and 
neutral salts. Hence the water of springs is said to be hard, 
because soap is not soluble in it. or rather ia not decomposed 
by it. Solution of soap may therefore be employed to shew 
whether water holds minerala in solution or not. 


Ammonia. 

If muriate of ammonia, in powder, be mixed with three 

f >arts of slacked lime, and distilled, and the product be col- 
ected by the mercurial trough, or pneumatic apparatus, a 
gas is obtained, which is transparent and colourless, like com¬ 
mon air. This.gas is called ammoniacal gas, and is the purest 
state in which ammonia can exhibited. 

Ammonia has a pungent, though not unpleasant smell. 
Its taste is acrid and caustic, like that of the fixed alkalies, 
but not so strong; nor has it the property. like them, of cor¬ 
roding animal substances. It is not respirable. Its specific 
gravity is to common air as 3 to 5. When exposed to a cold 
of itj)**, it is condensed into a liquid, which again assumes the 
gaseous form, when the temperature is raised. 

Ammonia is rapidly absorbed by water, and the absorption 
goes on till the water has acquired above a tliird of its weight 
of it. ^t therefore instantly disappears if water be introduced 
into a tar of it; some caloric is evolved, and the specific gra¬ 
vity of the water is diminished. If ice be introduced into 
this gas, it melts and absorbs the ammonia, while at die same 
time its temperature is diminished. The specific gravity of 
water saturated with ammonia, at 60^ is .9064. It is the at¬ 
traction of water for ammonia, which renders it necessary to 
employ mercury in obtaining the gas. 

Water combmed with ammonia, acquires its smell, and has 
a disagreeable taste; it converts vegetable blues to green. ^ It 
is this liquid solution of ammonia which is meant in speaking 
of the volatile alkali. When heated to the temp^ture of 
130'^. the ammonia aeparateiS in the form of gas. When its 
temperature is reduced to —4fi®, it crystallizes; and when 
•uddenly cooled down to 68^, it assumes the appearance of 
a thick jelly, and has scarcely any smell . 
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Amiootiift pity bt obtamed by tb« dry distillittiot} of boiits 
and other antmai mattaia; it ia from auch atilMlancea that t| ia 
obtained to tuppiv the dmaaami of commeroe, and it ia aold 
under the name oi ipirH* of kartikum. The product of the 
hret diatillatton from bones. &c. ia very impure j it ia there* 
fore improved by repeated diatilktiona. 

Bertaollet'ii eaperimetita evinced that oims thousand parts 
of ammonia consists of 807 parts of nitrogen, and 193 parts 
of hydrogen; hut Sir H. Davy having discovered oxygen to 
be the alaabiing principle in potass and soda, was convinced 
of the probability of its existing in ammonia. Uia researches 
confirmed this opinion, and he concludes the proportion of 
oxygen in ammonia to be at least 7 or 8 per cent. lie also 
•UiCC^Kided in separating from it a substance of a metallic 
nature. Tlie ammonia was decomposed by galvanism in con¬ 
tact with mercury. The mercury, by combining with about 
one twelve-tliousandth part of tltis new matter, has its iden¬ 
tity destroyed; it becomes solid, and its specific gravity it 
reduced from 13-5 to less than 3.0, but its colour, lustre, opa¬ 
city, and conducting powers, remain. The ilifliculty of ob¬ 
taining and operating upon this substance, has hitherto pre¬ 
vented its being sufiictentiy known to assign its proper place 
in the classification of bodies. 

Ammoniacal gas has no effect upon sulphur or phosphorus. 
Charcoal absorbs it, without altering its properties when 
cold; but when the gas is made to pass through red-hot 
charcoal, part of the charcoal combiues with it, and forms 
pntm€ add. 

The two gaseous substanccf, ammonia and muriatic acid, 
combine rapidly, and form the solid substance called mwritUe 

ammonia, which is the mi ammamas: of commerce. ^This is 
one of the most remarkable and curious fiicts ; sepfiratety, 
ammonia and muriatic acid gaa are two of the most pungent 
and volatile substances known ; in union, they are hard, io- 
odoroua, not volatile, and possess but little taste. 

Muriate of ammonia was formerly supplied by Egypt: but 
it is now made in this country from aoot. 

Ammonia combines with oils, atid forms soap; it does not 
combine with the metals, but it ebaaget some of them into 
oxides, and then dissolves them. Liquid ammonia is capsble 
of dissolving the oxides of silver, copper, iron, tin, nickel, 
line, bt||Outn, and coImiH. Its use in msdiemt is consider- 
sble} tCbas given relief in cases of spopiexy. 
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Ot Acids. 


Acids possess most or all of the following properties: I. 
They excite the sensation called iottrtms, or aeiditv ; 2. They 
change the blue, green, and purple juices of vegetables to 
red; 3. They combine with alkalies, earths, and metallic 
oxides, with which they form the compounds Called salts, 4. 
They combine with water in all proportions. 

Most of the acids hare been proved to contain oxygen as a 
component part; and are more or less strong in proportion as 
they are combined with more or less oxygen. They are not 
all, however, capable of combining with more than one dose 
or proportion of oxygen ; a few are capable of combining with 
two doses of oxygen, and a still smaller number with three ; 
no acid has been obtained by itself in combination with a 
fouith proportion of oxygen. These differences, it becomes 
necessary to distinguish, and the distinction ia made in the 
following manner. 

When any body contains the smallest portion of oxygen 
which converl.s it into an acid, the name of the base or radi¬ 
cal of the acid, is terminated by ous, thus we have the su/- 
phttwtis acid : the next degree of oxygenizcraent is expressed 
by the termination iV, thus we say sulphuric acid : the third 
degree is expressed by the addition of the word orp^euized, or 
its contraction ojy; thus we have the oii/munutic acid: a 
fourth degree of oxygenizement may be expressed by placing 
the term nifptr before that of oip; thus we have, hj/per-oxtf- 
murintm acid. There is only one instance of this last mode 
of expression being necessary, and that instance only refers 
to the acid as it is supposed to exist in combination with 
another body. 

The number of acids which have been discovered, amount 
to thirty-seven, and are usually classed according to the nature 
of the substances from which they are generally derived. 


1 .—Mineral Acids. 


1. Sulphuric, 

2. Sulphurous, 

3. Nitric, 

4. Nitrous, 

6. Muriatic, 


6. Oxy-muriaiic, 

7. Carbonic, 

8. Fluoric, 

9. Boracic, 
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I!.— Acids. 

1, Arttntc, 6. Moiybdenouf, 

2. Arsenous, 6. Chromic, 

3, Tung&uc. 7. Coiumbic. 

4. Molybdic, 


1. AoeUc. 

2. AcciouB, 

3. Matie, 

4. Oxalic, 
6. Citric, 

6. Tartaric, 


IH.— Vcgctahk Acids, 

7. Benaotc, 

H. Camphortc. 

9. Gallic, 

10. Succinic. 

11. Suberic. 


IV .—Animat ^ricb. 


1. Photphoric, 

2. Phosphorous 

3. Bombic, 

4. Sebacic, 

6. La4cic. 


0. Amniotic 
7. l.acttc. 
b. Mucous, 
9. Uric, 

10. Prussic. 


This classification cannot be proposed as very scientific or 
accurate t but some of the acids are too little known to give 
it any substantial improvement; and ti answers the purpose 
of distinction better than some other modes of claisiticution, 
the acids being often referred to in general, as mineral, vege¬ 
table, &.C. • ' 


Sulphuric Add. * 

Sulphuric acid is the union of oxygen and sulphur, in 
which the proportion of sulphur is, according to BurthoUet, 
63.2, and that of oxygen 36.8. . - ' « 

That iulphuric acid ta a product of combustion, is evinced 
by tbe experiment, (fee page 346,) in whicb sulphur, aet on 
firev and Ranged into pure oxygen, ia' converted into it. 
Alter iulpnor baa been tbua burnt, if no water be preetnt, 
ibo acad la in tbe atate of a denae white vapour, resembling 
snow. If water be present, it nttrdcts these vapours, and 
when properiv concentrated, forms a liquid, which is the 
anbhuiic acid of commerce. 

Sulphuric acid it strongly corrosive, and destitute of colour 
^#fid^sia|U« It may be rendfered twice the weight of umter, but 
it* uusMmiy specific gravity s^dom exceada 1.6, When con- 
csptriim only to 1.7, it will liecte aooner than water, but not 
if eilpr iiio#:Ur less concentrated. Thta was discovered Iw • 
Solphurk auid is so inleiiaety aoididatui, Hmt Biotigh 
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diluted with 7000 times its weight of water, its taste is still 
distinguishable. 

Sulphuric acid was formerly {procured by distillation from 
the salt which, previous to the adoption of the new nomen¬ 
clature, was called green mtriol; on this account, and its hav¬ 
ing in some measure an oily consistence, it was called oil of 
vitriol. At present, it is furnished for the demand of trade, 
by burning sulphur in close chambers, with the addition of 
nitrate of potass, to supply oxygen. The floor of the cham¬ 
ber is covered by a leaden cistern, containing water, by which 
the vapours of the sulphur are attracted and condensed. 
This process does not furnish the acid in a slate of purity; 
but at least communicates to it some of the foreign sub¬ 
stances, lead and potass. It is purified by distillalion. 

Sulphuric acid speedily destroys the texture of animal and 
vegetable substances; it changes all vegetable blues to red, 
with the exception of indigo. It has a strong attraction for 
water, of which Neumann asserts it will abstract from the 
atmosphere (tJ.2o of its own weight. 

When sulphuric acid is mixed with water, much caloric is 
evolved, and the specific gravity of the compound is greater 
than intermediate. The mixture of four pounds of the acid, 
with one pound of water, will raise the thermometer to 3(KP. 

Sulphuric acid deoomposes alcohol and oils; when assisted 
by heat, it decomposes most of the metallic oxides, and most 
readily those which contain the ^eatest quantity of oxygen, 
as the red oxide of lead, the black oxide of manganese. 

It oXiidixes iron, zinc, and manganese in the cold. Assisted 
by heat, it oxidizes silver, mercury, copper, antimony, bis¬ 
muth, arsenic, tin, and tellurium. At a boiling heat, it oxi¬ 
dizes Iffu), cobalt, nickel, and molybdenum. It has no ac¬ 
tion upon gold.^platina. tungsten, or titanium. 

It unites rdadily with all the alkalies, and alkaline earths, 
also with alomiitts. and zircon; with wl^b, and most of the 
metallic oxides, it forms salts, which are called eulphate$; 
thus tmiphatt of potoa, formerly called mirhlat^ tartar, is a 
combination of the aulphuric acid and potass; and sulphate 
,of soda, (Qlaubef^ salts*) is a combination of sulphuric acid 
and soda. 

Sulphurous Acid. 

If Bulphurie acid be deprived of part of its oxa^n, it is- 
oonverti^ into mtlpkurous add; but the ouantity of oxygen 
which mvmt bo abstracted to effect this onange, or, in other 
words, the quantity of oxygen which it oonfluned in sul- 
Idiaroat smio» bit never been ai^ertained. 
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Snlpliiiroitt mmd li ilw raiitll of « very slow comboeitoa of* 
autpiiar, wberets, in m rmf^d combnstibB, the eolpitiir cobIt' 
binee widk inore oxygen, end lorms anljfi^nrio eoid. 

It «• ttennlly prcwnred by mixing with enlfiiitirio netd,iptf.' 
greeee, metnki, or env other etibe^ce Uml has a slfoager 
affinil^ for omgen than anlphario aoid, and proceeding to 
dtttillalton. ongar iairne of the beat aubalancea whidi min 
be '«Bi|dwed. By ihia means the acid is obtaii^d in a 
ipUH^a uma, m which state it is coiourteaa and wriaibie 
fike' eommon air, exhales the odour of burning sulphur, and 
cannot be breathed without sudbcation. Extreme cold con- 
yeits it into a liquid. When combined with water, for whicld 
U has a strong attractton, it does not entirely lose its smeil. 
like sulphuric acid. 

Bine vegetable colours are reddened by sttlphurons acid, 
previons to their being dtschaiged. 

This acid does not oxidise so many of tlie metals.as sul¬ 
phuric acid. The metals upon which it has this effect, ap¬ 
pear to be oniv iron, zinc, and manganese. 

With the aBislfes, alkaline earths, slunitne, and some of 
the nMtalltc oxides, it forms the satU cadied saiph^, 

Nitric Aciti, 

Nitric acid ta fbrmed by the chemical onion of abodl 2o 
parts by weight Cf fiitro|pn, with 76 parts of oxygen. 

By railing nitrogen and oxygen in these proportions, and 
passing a mifliber of electrieaf shocks through the mixture, 
nitric acid is produced. In other words, the comhustiun of 
nitrogen produces nitric acid. 

Nitric acid, combined with potass, forms jthe salt called 
mtrale of ftoiavf, or saltpetre, and it is by the decora^sttioii, 
of this salt, that it may oe procured. If three parts or nityals 
of potass, with one pf salphutic acid, be dtst^ed| the niirk 
acid, mixed widi « amall proportion of the nitrous, cotuea 
over* The nttrona adid may be expelled by agpiiile heat. 
Kitrie acid ta cleai^#id colonriesa, like'%a(»r; it corrodes 
tmiimd snbatancm^ nnd stains the nmaan jdttn a pmmantnt 
yidlow. Its smell it remarkably panga^ and ita taste 
strongly acid: th abort, it erninenlly poasemea all the peopmv 
tiea eniimerated at peculiar to aetds. Tbe acltou of hght^ 
•Nmn will, however, separate a pert of its oxygen, and cense 
H ip w i im e d yellow coloor. > • . 'f 

/ has a stro^ lenity for water, and has 

idMeieed except in combtaaiiott wUb ie Wbmilionceiit 
XiHhotx moiitnie from the auoostdierfi iMit not w * 
j(Owem% as thw tnlpbnric aeid. Wben mtxbd willi wettc»||. 
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heftt, but not in nqna! ctegree witli tbe solphiiric acid. 
ilJbotis at 248**. When concentrated to the ntxamU ite specific 
^vity is about 1 j 5.> When dilated with water, it is soldander 
the name of a/^mfmiu : e?en the doable ac^uafiortis of the shops 
, is only about half the strength of nitric ^id. 

« N itfic acid is easily decomposed, and it therefore ronstitotes 
a valuable agent to tne chemist. It is capable of oxidizing all 
the metals, except gold and titanium, and even gold it appears 
to atta^ in a sitgnt degree. If brought into contact with 
hydrogen at a light temperature, a violent detonation is pro^ 
duced. If mixed with oils, it sets them on fire, and both the 
dbid and the oil is decomposed. The oils should be free from 
water, but as thtk is rarely the case, the experiment is most 
certain of success if a little sulphuric acid be mixed with the 
nitric acid, as tliat acid will combine with the water. Oils 
deprived of water by. boiling, inflame with nitric acid alone. 
In making these mixtures, the operator should keep himself at 
a distance from them, by using vessels with long handles. 

Perfectly dry charcoal is also inflamed by nitric acid; with 
dry filings of iron the same effect takes place ; and also with 
zinc, bismuth, and tin, if the acid be poured upon them in 
fusion. 

The nitric acid, with alkalies, alkaline earths, alumine, zir¬ 
con, amd the oxides of metals, forms the salts called nitrates. 

Mlrout AciaP 

According to the principles of the new nomenclature, there 
ij» no acid strictly entitled to the appellation of nitrous and: 
the acid which obtains this uaiiie is not the acid of nitre with 
a ihinimimi of oxygen, but nitric acid combined with different 
proportions of nitric oxide, of which an account will be found 
uncler the head of oxides. 

Nitrous iujid is more or less coloured, according to the tman- 
tityof nitric oxjdewitli which it is impregnated. It parts with the 
gas very readiiy, which, when in quantity, passes off in vapours 
that assume a rad cdlour oi^mtxiog wim tne atmosphere. On 
account of the e*|rication of these vapours, the acid is some¬ 
times called fumingaquafortis. The addition of different por¬ 
tions cf water causes nitrous acid to appear blue, green, yellow, 
&c. but the vapouni are always of the same red hue. 

The g^eial propditles of nitrous acid, are similar to those 
of the nitric: with diflerent bases it forms the salts called 
nUtaiei: these are not formed by the direct union of their com¬ 
ponent parts, but by exposing nitrates to a high temperature. 

^ their oxygen, leavm them in the ' 

•tlito^of intratea. 
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Bfumtic acid, m ceneraJly known under tJhc name of ipirit 
tif mlt, or marim acta, i» a combination of oxygen with an un* 
known base; for the acid has never been decomposed. ' 

In ita combinations it is very abundant in the mineral king- 
dom, particuiacly with soda. lime, and ntagiiesta. Its combina¬ 
tion with soda forms common salt, and the adinity of Uie two 
aubataitcei is such, that they are not separated by a heat which 
volatilizes salt. In obtaining this acid from muriate of soda, 
therefore, some substance must be used which will combine 
with the alkali. Sulphuric acid, or substances which contain 
it, such as clay, are generally used. Mix one part of sulphu¬ 
ric acid with two parts of dry muriate of swla, in a glass 
retort, apply a gentle heat, and um* the mercurial pneumatic 
trough, to collect the product which comes over. The product 
is muriatic acid in the state of gas This gasc^ous acid is 
invisible and elastic, like common air, but has about twice its 
specihc gravity. It has a pungent, sutfucating smell, and is 
exiremelv caustic. 


Muriatic acid gas absorbs water with avidity. Water will 
combine with its weight of the gas. and the specific gravity of 
the liquid muriatic acid thus obtained is 1.5: it is, however, 
not easily procured and preserved of a greater specific gravity 
than 1.1 ltd. 


Liquid muriatic acid is generally of a pale yellow colour, 
but this colour is attributed to tlie presence of some impurity; 
it preserves the smell of the gas. is very volatile, and give* out 
white fumes by exposure to the atmosphere. 

It is capable, by the assistance of neat, of oxidizing iron, 
tin, lead, zinc, bismuth, cobalt, nickel, manganese, anttniony, 
and arsenic. At a boiling heat, it oxidizes silver and copper. 
On gold, platina, lungstwi, molybdenum, ieiluritun, 

and titanium, it has no action. 

The proper aolvent for gold and platina, i* the nitro-muri- 
alie acid, compoaed of one pari of muriatic, and two of nitric 
atid* 

Muriatic acid i« the best test for silver. A single drop of 
it ponied into a solution containing this metal, will cause a 
coptons precipitate. 

Muriatic imid, combined with difiTereat basea, forms the salt* 


aniftialcf, 

IMi in the state of gas, baa a powe^ul effect in »eu- 
tiniildsg polfhl effluvia. Morvcau, by pouring two pounds of 
atilpiium agid upon aut pottnda of common salt, and leaving 
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the mixture on a chafing-^ish of live coals, completely 
destroyed the putrid exhalations which had caused the cathe¬ 
dral ot Dijon to he deserted. 

OJtymuriatic Add, 

If 84 parts of muriatic acid be combined with 16 of oxygen, 
they form oxymvriatic add. This combination is usually 
formed by adding to one part of the black oxide of manga¬ 
nic, two parts of strong muriatic acid, and distilling the 
mixture witli a gentle heat. The gas obtained is received over 
water, by means of the pneumatic apparatus. 

Oxymuriatic acid gas is tinged of a yellow colour by 
contact with atmospheric air; it supports flame, but cannot 
be breathed without producing the most injurious effects. 
Pelletier having attempted to respire it, the consequence was 
a consumption, which in a short time put a period to his life. 
If it happen to be accidentally inhaled, the vapour of volatile 
alkali, for which it has a strong aftinity, is the best remedy. 
It does not readily unite with water ; and at the temperature 
of freeiujg wat<’r, it crystallizes. 

Other acids become more intensely sour by an additional 
dose of oxygen, but the muriatic has this property dimi¬ 
nished by t^ie same addition. The taste of oxymuriatic acid 
IS harsh and styptic, and instead of reddening vegetable 
colours, it changes them all to white, and their colours 
cannot be restored either by acids or alkalies. On this ac¬ 
count, it is extensively used in the process of bleaching. 
Alter having been thus employed, upon a sufficient quan¬ 
tity of materials, it is converted into common muriatic 
acid. It has therefore produced its effect by imparting 
oxygen. 

As (he oxymuriatic acid eradicates writing ink, but has no 
effect upon printing-iuk,* it may be conveniently used for 
whitening soiled books and prints ; it removes all stains but 
those of an oily nature. An easy mode of preparing a small 
quantity of it, consists in adding’ one ounce of the rtni oxide of 
lead to three ounces of muriatic acid. The red lead supplies 
the oxygen which oxygenizes the acid. This preparation 
should not be made till near the time against which it is 
wanted, and when made it should be kept in the dark, as it is 
deoxygenixed by the light. 

The nitro-muriatic and oxymuriatic acids have the same ap¬ 
pearance and odour, as w'ell as the same effects, as solvents, it 
ajppears, therefore, that the nitric acid, when added to the m«- 
rtktic, hat only the effect of supplying it with oxygen. 
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Oxyniuriatic acid oxidizes neiir!^ all the metals withovt 
the assistance of heat. !t decomposes the red sulphoret 
of mercury, which neither the sulphuric or nitric acid will 
accomplish. 

It may be combined with a great number of base*; the 
salts which it forms detonate with carbon and several metallic 
substances. 

H^jftr^oxymuriate of potau is made by introducing the oxy- 
munatic acid gas into a solution of potass; its crystals, its 
well as tho.se of the common muriate, being formed on evagip*- 
ration in the dark. It gives a faint taste, with a sensation of 
coldness in the mouth ; the crystals have somewhat of a sil- 
ver\' appearance, and emit light by attrition. It is decomposed 
by the action of light, parting with oxygen, and becoming 
simple muriate of potass. Heat also separates its oxygen in 
tile form of gas; lUO grains of it will yield 7o imbic inches of 
uxvgen ga.s. 

When three parts of hyper-ovymuriate of potass, and one of 
sulphur, are triturated in a mortar, the mixture detonuti H vio¬ 
lently. The .same edict is produced when the mixture is 
btruek with a hammer upon an anvil. 

Phosphorus and kyper-oxymuriate of potass detonate with 
prodigious force. 

Exotic seeds wfiich couhl not be caused to germinate by 
ordinary means, have gcnuiiiated after being steeped for a few 
days in weak oxymuriatic acid. 


Larlumk Acid. 

Carbonic acid gas is the result of the combustion of carbon. 
Every KXJ parts of it, according to Tennant, contain 18 parts 
of carbon and oxygen. Its weight is to atmospheric air 
as loCO to 1000. It has no smell; is invisible and elastic, 
like common iHm, but extinguishea flame, and is totally uiiht 
for respiration. 

Carbonic acid is contained in the atmosphere to the amount 
of about one part in the thousand. It is absorbed by water 
if agitated, or long in contact with it. Strong pressure 
will cause the water to absorb three times its bulk of this 
gas, which imparts to it a taste agreeably acidulous, and 
causes it to have ajmarkitng lustre when poured from one 
ye|se! to another. The Pyrmont, Spa, and Seltzer waters, 
which are imported from the Continent, are instances of the 
nattwai combinationi of carbonic acid with water, and they can 
be indilatod by art with the greatest precision. 

The specific gravity of water saturated with carbonic acid is 
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KOOiS. If water contaiaing carbonic acid be frozen* the 
whole of this ga« separates in die act of freezing, and therefore 
ice is never found to contain any. A boiling neat also pro¬ 
duces this separation. 

Carbonic acid, from its gravity, may be poured from one 
vessel to another, but if a portion of it be left in an open ves¬ 
sel, for any length of time, it will be found to iiave escaped ; 
ti)e air having an attraction for it, gradually absorbs it, and 
will even abstract it from water. 

Carbonic acid exists in incalculable quantities, combined 
with other substances. Marble, limestone, and chalk, consist 
of it in combination with lime ; it fonns about one-third of 
their weight, and may be disengaged from any of these sub¬ 
stances, by means of an acid, or considerable beat. The 
tormer means is generally more convenient, when a quantity is 
n*<|uired for the purpose of experiment. The sulphuric acid, 
diluted witii about MX times its weight of water, is poured 
u}»on the marble, chalk, or limestone, previously reduced to a 
piiwtler, Au etlervescence immediately ensues ; this is occa- 
siom <■ by the extrication of carbonic acid gas, which must be 
colh «li d by means of the pneumatic apparatus. The mer¬ 
curial trough should be used, if the gas is not intended for 
immediate use. 

Alcohol and spirit of turpentine absorb double their weight 
of carbonic aciu gas ; olive oil its own bulk. Ether mixes 
w ith it in the state of gas. 

Carbonic acid enters into combination with alkalies, alkaline 
earth.H, aiuminc, zircon, and metallic oxides, w ith which it forms 
salts called carbonates. 

Water impregnated with carbonic acid, and applied to the 
roots of plants, is highly favourable to vegetation; but if this gas 
be applied to the leaves as an atmosphere, it is injurious. 

Fluoric Acid. 

This acid is contained in the mineral called finor or fusible 
spar, which consists of fluoric acid and lime, if sulphuric acid 
be poured upon this spar in powder, the lime comhiii<\s with it 
to form sulphate of lime, and the fluoric acid is e.xpcihd, and 
may be collected by the pneumatic apparatus. The sul|»huric 
acid should he well concentrated, and equal in weight to the 
6uor spar. A leaden retort must be used in the distillation, 
and only a gentle heat, will be required. ITie gas should be 
received over mercury. 

Fluoric acid gas is invisible and clastic like coniinon air ; it 
will not maintain combustion, and cannot be breathed without 
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causing death. It has the odour of muriaito acid, but ia more 
corrosive, and when exposed to a moist atmosphere, itbceomea 
cloudy. 

FI unric acid gas is heavier than common air. It eorrodai the 
skin almost instantly. It combines |apidly with water, with 
which it forms liquid fluoric acid; as it dissolves ailex, it can¬ 
not be prepared in glass vessels, nor kept in them, unless they 
be lined internally with wax or some similar coating. The acid 
combines with the silex of glass, and the silex passes overwith 
it, in the distillation. It is for this reason that it is usually 
kept as well as prepared in leaden or tin bottles. 

It is absorbed by alcohol and ether without altering their 
qualities. Water impregnated with it must be cooled down to 
before it will freeze. 

The action of fluoric acid, upon all iudamniable substances, 
is in genera! very feeble. 

It will oxidize iron, zinc, copper, and arsenic, but has no 
action upon piatina, gold, uiercuiy, sdver, lead, tin, anlimoiiy, 
and cobalt. 

It combines with alkalies, alkaline earths, alumine, and 
metallic oxides, and forms the salts called Jiuates. 

Fluoric acid has been discovered in the enamel of the human 
teeth, and in ivory- V'anquelin also found it in the topaz. 

The only use to which fluoric acid has been applied, is 
that of efehiug upon glass. For this punwse, either the 
liquid fluoric acid may be employed, or tne gas. If the 
former, the glass remains polished where the acid has corroded, 
but with the gas, the lines have the same appearance as if the 
glass had been ground and not polishecl. JLandicajies and 
other designs properly executetl upon glass by means of this 
acid, have an eluant appearance. The process is the same 
as that for etching upon copper, except that so much care 
is not necessary in preparing a ground ; bees-wax done will 
suffice. 

ISoradc Acid. 

Boracic acid is procured from the salt called borax, in the fol¬ 
lowing manner: the borax is dissolved in hot water,aiid the solu¬ 
tion Altered ; sulphuric acid is added very gradualiy to the 
solution, till it has a sensibly acid taste; being Uien left to cool, 
a number of small, shining, laminated crystals form in it; 
l^ese crystals are the boracic acid; they are to be washsdi with 
cold water, and dried upon brown paper. 

crystals of (be boracic acid are thin trregukr hexagons, 
of a silvery whiteness. Tb<^ are soft and unctuous to the toucb, 
bka spernnmeti* They have no smell, but a bitletisb 
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taste, with a slight d^ee of acidity ; and they are unalterable 
in the air. When mixed with spirit of wine, they cause it to 
burn with a green flame. When sulphuric acid in poured upon 
them, a trmisient pdour of musk is perceived. 

Boracic acid, when exposed to«a violent fire, is converted < • 
into a transfssreuk glad^; this glass is soluble in water, and 
the acid is aaain pr^uccd from it by evaporation. 

It is muim emploji'ed in analpmg minerals, as it biings 
almost all the stones into solution. 

it has little or no efTect in oxidizing any of the metals, 
except iron, zinc, and copper. It combines with alkalies, 
alkaline earths, alumlne, and metallic oxides, forming the salts 
called borates. 

The borax of commerce, is a borate of soda; it is used as a 
flux to vitrifiable earths, and to increase the fusibility of glass. 
It is also much used to promote the fusion of the harder kind 
of solders. As it swells up iu losing its water of crystalliza¬ 
tion, the solder may be displaced, if not held down by wire 
or some other means; but if the salt be powdered, and deprived 
of its water of crystallization, before it is mixed with the 
solder, it will answer equally %vell, and be more conveniently 
managed. 


Arsenic Acid, 

The white oxide of arsenic, sold in tlie shops under the name 
of arsenic, is capable of combining with an additional dose of 
oxygen, and it tnen forms the arsenic acid. It may be obtained 
by Simply mixing the white oxide of arsenic with oxyrauriatic 
acid, and applying a heat sufficient to sublime the muriatic 
acid. It may also be obtained by fhe repeated sublimation of 
the white oxide, and renewing the air each time. 

Arsenic acid does not crystallize; it has a sharp caustic taste, 
is thick, heavy, strongly poisonous, like all other preparations of 
arsenic; and ve^ soluble in water, but fixed in tne fire. It tU- 
tracts humidity from the atmosphere,aud at last becomes liquid. 
At the temperature of 60®, itdissolves in two-thirds of its weight 
of water. Its solution may be evaporated to dryness, and even 
converted into glass, which attracts moistufS from iffie air, and 
acts powerfully on the crucible. Berthoilei estimates the 
oxygen in this acid at one-tenth of the weight of the acid. 

Arsenio acid do^ not act upon gold or nlaltna, nor tipon 
mercury or silver, unless assisted by a strong neat. It oxidizes 
copper, iron^ lead, tin, xioc, bisumfih, antimony, cobalt, nickel, 
manganese, and arsenio* 

1(luth difletent bases, thisacid fortns the salts called anematts. 
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jltsnitoiis Add. 

Tbift is nothing more lliaii the white oxide of ortenic sold in 
the shops, without iiiiT peeDutitioii, It hes e weekly acid 
taste, and sensibly reddens tne tincture of cebba^ and fitinns, 
and most other vegetable blnea; the simp of vtoleta. which it 
turns green, is an exceiption. If thrown on banting coals, or a 
red-hot iron, it is volatilized in the form of a white vapour, 
which emits the smell of garlic. By a strong hei^ it is vitrified 
into a transparent glass- It only edbtains about seven per 
cent of oxygen. 

Arsenious acid is soluble in fifteen times it* weight of boiling 
water, but retjuires for it* solution eight? time* its weight of cold 
water. The solution crystallizes b^t by slow evaporation ; it 
is vei^ amid; it unites with the earthy bases, decompoaes the 
alkaline sulphurets, and forms with them a yellow precipitate, 
in which the arsenic approaches to the metallic state. 

The combinatioiis of arsenious acid with diderent bases are 
called anemte$. 


Tungttic Add. 

tungstic acid is an oxide of tungsten. It is harsh to the 
touch, tasteless, and of a yellow colour. It is insoluble in 
water, and does not redden vegetable colours, till it ha* first 
been rendered soluble by being partly combined with ammonia. 
If exposed to the light, or strongly heated in close vessels, it 
becomes blue, and does not regain its ymlow colour, except 
by calcination in (he open aif., Tliough ranked among the 
acids by several eminent cheKsts, |t* title to the character 
seems rather doubtful.—See pa^ 405^ 

The compounds formed with this adid are called 

* 

.%m^bdi§Add. 

Molyl^icacid is obtaioihifiromllieora or sulpburet of molyb- 
dP^vm. by distilling ntirio acid ogit repeatedly. tIU the sulphur 
alhd metal ape both acidised, wli^ is known by the conversion 
ef Ihe’wbole into a wldhs inats.>J^t water cairries ofiTthe sul- 
phiificjaetd* and leaves die molyljMlie acid in a state of purity. 

, '""'.llb^bdtc jMSld is a ye]|bw.iii||»w4ite powder; it baa an acrid 
%eEt ittetellto ta»te./ It ta nol idliimd in the air, eml will bear a 
beM'^.the b«..^covm'ed|t but if thi'crticible be 

in the form df a white'smoke. Itf 
apcelml >e 3.75. It latpiires 570 times ita weight of 
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water to dissolve it. The eolation hee a soar taste« coagulates 
solutions of soap, and precipitates alkaline aulphurets. Paper 
dipped in this acid becooies of a beantifol blue colour in the 
sun. 

The molybdic acid has not bessn applied to any use in the 
arts, though expertments have beeii«ade which indicate ^t 
it may become useful la dyeiog« Its combinations wkii 
different bases are called molybdaUM, 

Mofybdenout Add. 

Molybdenais susceptible of four different combinations with 
oxygen; at the lowest it is in the state of a black oxide; at 
the next it is blue, at the third it begins to assume acid pro¬ 
perties, and is green. This is the molybdemuM add. The next 
dose of oxygen forms tlie yellowish white powder, which is 
the acid treated of in the last section. 

Chromic Add. 

Th ts acid is furnished by the mineral called the red lead 
ore of Siberia, which is a,cnromate of lead, and from which 
chruniium is obtained. It also exists in the chromate of iroji, 
which is more common than the former mineral, andTn France 
IS even abundant. 

The acid is extracted Horn the real lead ore of Siberia, by 
boiling l()0 parts of thia mineral, with 300 of carbonate of 
potass, and 4000 of urater, and separating the alkali by mean.s 
of weak nitric acid.'^ Jtis an orange-coloured powder, which 
has an acrid, Uneiallic taste, is solubleln water, and crys- 
taliixable. If exposed tp th^||ltton of light and heat^ this 
powder loses oxygen an§ its kind properties, and is converted 
into the green oxide of Ibromiuni. 

If the muriatic acid be distilled upon ^.he chromic acid, it 
is oxygenized; and if simply mixed with the chromic acid, the 
same effect tsdies place, (or It acquires the property of dis¬ 
solving gold..? tills arises/rom the readiness with which 
chromic acid ^rts with its oxygen. 

Chromic amd unites readiij with alkalies. It also unites 
with boraX| glass, and phosphpric acid^ to which it communi¬ 
cates an emerald green colour.- 

* *. . 

Colmmme Add. 

It 

This aeid is but little knowu^ it is found in the ore of 
columbium, or co/tim6ale W iroN. ’ * 

45.—VoL. U. 3 1 
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Acetic Aci^J. 

The acetic acid mav be obtained from eryatallized acetate of 
copper, which must be reduced to powder and distilled. A 
fluid pcmsesaing little acMity first rises, and afterwardit a 
powerful acid. This acid has a greenish hue when first pre¬ 
pared, because a smalt part of il)e oside of copper comes ovt i 
with it; but it may be obtained perfectly cotourlesK by dis¬ 
tilling it with a gentle heat. It may also be prepared, with 
more certainty as to its freedom Irom copper, by diHtiliiii;^' 
aceUte of soda, or acetate of potass, with nalfit# vvtighi ul 
sulphuric, acid. 

Acetic acid is sold in shops under the name of radical vita- 
gar; it is traiupart nt and colourless like water. lu snuU m 
ex^emely pungent, and its taste acrid. When applied Uj tla* 
skin. It reddens and corrodes it. It is extreiutly voludr. 
wholly evaporating on exposure to the air; and when beaUft 
in the open air, it takes fire readily. At —it freo/.r s. ti 
unites with water in any proportion, and on mixture with ii 
heat is evolved. It dissolves camphor, and, with the addition 
of essential oils, forms the ammaltc vtMcgur, 

Acetic acid is used for ametling at, crystals of wuljdiate ol put 
as* bein^ put into abottlc,and inoisteiied with it for this pui [)«>•.<•, 
This mixture is cullerl voiatiic Milt of vinegar. A few dr<ij k <,iI 
sulphuric acid, added to a phial of the ucetatc of puia>«'. lu.ikr 
a strong smelling bottle by ibe evolution of the acetic acid. 

Acetic acid may be advaulageously employetl to srpaiat, 
manganese from iron. When both metals are dissoHed in tin- 
acid, atid,the solution is evaporated to dryness, the acid uii 
heres to the mangaiitse, but abandons the iron. Water will 
then dissolve the acetate of mamspinese from the oxide of iron. 
Two or three evaporations and solutions arc sufiieieni to 
remove the whole of its iron. 

Acetic acid consist# of oxygen,hydrogen,and carbon, but tin* 
proportionsof itscompoueui parts h$ve not been clearly proved; 
with various bases, it forms ilie salts called acclcUe^. 

Aeetcmi Aeid^ 

A^atona amdi or vinegar, haaA ytllowish colour, is perf^tly 
lifnpfdji has a pleasant pmeli, aJi^ a lasie agreiuibW acidl. By 
dMlilh^ion it is render^ cdlourteaa, and its odoitrli improved. 
I| ip then called dutiihd vinegar. By exposure to neat, ii 
evi^rates entirely. 

JDistiiled vinegar is pure acetous acid, if obtained by a gentle 
hentl fpt iriiie|tr, as it is obtained at firat afW the acetous 
feniftiotiddiifi/contains mucilage and variotta impurities. 
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Louitz prepared a conceutrated acetous acid by congelation 
in the following manner: he froze as much as possible of a 
whole barrel of vinegar, then distilled the remaining unfrozen 
vinegar in a water>bath; by which means, at first especially, 
he collected the spirituous ethereal parts; of the vinegar, 
whi^h next came over, he froze ai much as possible, and 
afterwards purified it, by distilling it again with three or four 
pounds of charcoal powder. By this means he never failed 
to procure a very pure, swcel-stnelling, highly concentrated 
acid; its agyeeablo odour was still further improved by the 
ndciition of a proper quantity of the ethereal liquor collected 
at the beginning of the first distillation, and which tie had pre¬ 
viously dephlegmated by two or three rectifications. After 
the distilisition on the water-bath was over, that no acid might 
be lost, he removed the retort, w ith the charcoal powder which 
ivmamed ui it, to a sand-bath; and thus obtained, by means 
of a strong fire, a few ounces more of a remarkably concett- 
ti.iled acid, which was of a yellow colour. 

Having collected ahuul ten ounces of this concentrated 
•u id, lu c x'posed it to a cold equal to 196^ of De Lisle’s Uier- 
niometi i; in which situation it shot into ciy^stals from every 
jiart. He let what remained fluid drop away from the crystals 
into a Imsin placed underneath, first in the cold air, and after- 
«ai»U at the window within doors. There remained in the 
Hiiow-white, finely fuiiuted crystals, closely accumulated 
upon each other, which at first be took to be nothing but ice, 
Inif on placing tliem upon the warm stove, they dissolved into 
a (Inid which was as limpid as water, had an uncommonly 
.strong, highly pungent, and almost suffocating acetous smell, 
and in the temperature of 146^’of De Lisle^s thermometer, 
immediately congealed into a solid, white, crystallized mass, 
lesenibliug camphor. The quantity of this glacial acid 
amounted to two ounces. 

<’ohl acetous acid is capable of oxidizing iron, zinc, lead, 
nickel, tin, and copper, but does not attack these metals when 
hot. 

11 combines with alkalies, alkaltoe earths, alumioe, magnesia, 
yttria, and stroutian, with which it form# salts called acetUes. 
The difference between thes«3puid the acetates,*^ ha's not been 
much exftmined. 

Acetous, like acetic acid, ra oomjposed of hydrogen, carbon, 
and oxygen, but the proportions oi its component parts have 
not been correctly ascertained. 
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Atalk Add 

Malic acid it found in the juice of unripe applet, in straw* 
berries, and tome other fruits; in apples it is the most 
abundant. 

Seheele, who discovered this acid, obtained it in the fojlow- 
tiit; manner: he saturated the juice of apples with potass, and 
uddeii a solution of acetate of lead till it no longer occasioneti 
a precipitate. He Uien washed the precipitate carefully with 
u sudicient quantity of water; poured upon it diluted sul¬ 
phuric acid till the mixture had a perfectly acid taste, without 
any of thtft sweetness which was perceptible as long ns any 
lead remained dissolved in it; then separated by filtration the 
sulphate of lead, which had precipitated, and the malic acid 
thus obtained was concentrated by evaporation. 

Malic acid, like other vegetable acids, is composed of Ity* 
drogen, carbon, and oxygen. It is a reddish-coloured licpiid. 
strongly acid taste, and inca|>able of crystallization, but if 
boiled down to a tliick consistence, it desiccates in layera 
like a shining varnish, by exposure to a dry air. It is easily 
decomposed by fire, and even when kept in bottles, it under¬ 
goes a spontaneous decomposition, it is altered by all the 
powerful acids, the sulphuric carbonizing it, and die nitric 
converting it into oxalic acid. 

The malic acid precipitates mercury, lead, and silver, from 
the nitric acid, and also the solution of gold when diluted with 
water. The citric acid has no effect on these solutions. 

The combination of the malic acid with various bases, forms 
the salts called malates. 

The acid formerly called ihe/ormc add, which ta obtained 
by distiliti^ the infitsion of ants in boiling water, has now 
lost its rank as a distinct acid, as it is found to be only a mix¬ 
ture of the malic and acetic acids. 

Oxalic Add. 

The oxalic acid exists in the juice of wood-sorrel, combined 
with potass; when prepared from this plant, it is sold under 
the name of calt iemaiin and is used as a substitute far the 
real juice of lemons. Sum «nd all other sacebartne sub¬ 
stances, contain the radical of the vary same acid which wood- 
sorrel affords; it may be extracted from sugar in tha foltowing 
manner: % 

To six ounces of nitric acid in a tubulated retort, to which 
a large receiver is luted, add by degrees one ounce of lump 
sugar couiaely powdered. A gentle beat may be applied 
during the solution, and nitric oxide will be evolved in abun 
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dance. When the whole of the sugar is dissolved, distil off a 
part of til* acid, til) what remains in the retort has the con- 
Histence of sirup, and this will form regular crystals amounting 
to 68 parts from KK) of sugar. These crystals may be dis- 
Muived in water, recrystallized, and dried on blotting paper. 

Honey, gum arable, alcohol, the calculous concretions in 
the kidneys and bladders of animals, silk, wool, hair, and 
various other bodies, afford oxalic acid by dis^llaiion with 
nitric acid. Bertbollet observes, that the quantity of the acid 
adurded by vegetable matters is in proportion to their nutritive 
qualities. 

The crystals of oxalic acid effloresce in dry air, but attract 
a little humidity if it be damp; they are soluble in one part 
of hot, and two of cold water; and are decomposable by a red 
heat. When dissolved in 36(X) times their weight of water, 
the solution still reddens litmus paper, and is perceptibly acid 
to the taste. 

The oxalic acid is a good test for lime, for which it has a 
greater afflnity than any other acid. It forms with lime an 
lusoluble salt, not decomposable except by fire, and turning 
Hirup of violets green. 

Oxalic acid is capable of oxidizing lead, copper, iron, tin, 
btsmulii, nickel, cooalt, xinc, and manganese. 

1 he combinations of oxalic*acid with the alkalies aud otbei 
bases, form the salts called oxalates. 

Citric Acid, 

The citric acid is found in the juice of lemons, oranges, iin- 
ri[ic grapee, and some other fruits. It is extremely acid to the 
laste, crystallizable, and very soluble in water: cold water 
dissolves rather more than its own weight of it, and hot water 
double its weight The solution undergoes a spontaneous 
decomposition hy long keeping. 

If lemon juice be exposed in an open vessel, it deposits a 
cjunntity of mucilage, from which it may be separated by 
.recantation and filtration. If the juice, thus purified, be 
exposed to a freezing temperature, and the ice formed in it, 
which 'consists only of Its aqueous particles, be removed as it 
is formed, the lemon juice wiU be obtained in ft state of high 
concentration. Its quantity will only he about one-eighth of 
what it was at first, but its strength will be eight times 
greater. It may be kept for use, or may be made into dry 
iemouade, by adding six times weight of fine loaf sugar 
in powder. 

The lemon juice, prepared as above, is not pure citric acid, 
but it retains a flavour which renders it better for domestic use 
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than it it were pure. To prepare pure citric acid, Scheele 
saturated lemou-juice with lime, edulcorated tliutprecipiute, 
whic h conaisted of citric acid and lime, separated the lime 
from It by diluted sulphuric acid, cleared it from the sulphate 
of hmc by repealed filtrationa and evaporations j then evapo¬ 
rated It to the consistence of a sirup, and set it in a cool place: 
a quantity of crystals formed, which were pure cilrid acid. 

Citric acid oxidistes iron, ainc, and tin. It does not art" 
upon gold, silver, platina, mercury, bismuth, antimony, and 
arsenic. 

I he combinations of the citric acid with diderent bases, are 
called citrates. 


Tartaric Acid. 

A hard substance is found adhering to the sides of casks iu 
w hich some kinds of wine have been fermented: this substance 
IS tin;;ed with the colour of the wine, but when it has been 
purified by sololion, filtration, and crystallisation, it constitutes 
the salt called cream of tartar. Cream of taitar consists of 
pota.s8 tiniled lo a peculiar acid; this acid is the tanar$c 
acid. Cream of tartar is a su^tartate of potass. 

To obtain tartaric acid, lour parts of the supertartrate of 
potass may be boiled in twenty‘parts of water, and one part 
of suluhuric acid added gradually. Hy continuing the boil¬ 
ing, the sulphate of potass will fall down. When the liquor 
is reduced to one-half, it is to he filtered, and if any more 
sulphate be deposited by continuing the boiling, the filtering 
must be repealed. When, no more is tlirown down, the 
liquor to be j«aporaCed to the consistence of a sirup; 
and tliits crystals of tartaric acid, equal to half the weight 
of the tartar employed, will bo obtained. These crystals 
readily dissolve in water, and the solution crystallizes by 
ev^oration. 

The tartaric acid docs not oitdixe platina, gold, silver, lead, 
bi.smuth, or tin; and its action on antimony andilickel is very, 
alight. 

it unites with the alltaliet, and most of th® earths. The 
salts formed with it an called: imdrates. 

The aopertaitrais of potass,fl'om which this acid is obtained, 
is Daucb used in medictn®} it is cooling, and gently a^rerient; 
in d[oniestic econoia|§ il W dissolved in water, aiio, with the 
addjitoii of a little ingir||Bii a few slices of lemon, forms. 
a(|if tlatiding*® day or iwb, an agreeable beverage callq^ 
tMtftr. An infiisioii of green balm, used insuad ef 
miteri Improves this liqinor. 
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Mixf;d with an ejquai weight of nitre, and thrown into a retl- 
hut crucible, supertartrate of potass detonates, and forms the 
n hite ftux: with half its weight of nitre, it farms the blmk jlux; 
and by simple mixture with nitre in various proportions, it is 
calk'd ram Jux. It is likewise used in dyeing, gilding, 
whitening pins, and other arts. 

Benzoic Acid. 

This acid is obtained from the resin called benzoin or ben- 
Jdtnin, which is brought from the Kast Indies. By a genth' 
linal the resin is siibliuied, and condenses in the form of lonp; 
needles, or straight hlainents of a white colour, crossing each 
other in all directions. These are what are sold under tlie 
iiaiue of fioieers oj' benjamint and consist of the acid in ques¬ 
tion. When pure, they are of a briUiant white, have an 
nroniatic odour, ore cnUrely soluble in alcohol, but the addi¬ 
tion of water causes a precipitate. Hot water dissolves them 
copiously, but cold w’ater scarcely at all. They are not altered 
by the air; their taste is acrid and bitter. They form a kind 
of paste if rubbed in a mortar. 

The purest benxoic acid may be obtained in the humid way, 
by boiling the resin with carbonate of soda, and adding diluted 
sulphuric acid to the filtered decoction as long as it produces 
any precipitation. The precipitate is the beiuoic acid. 

Benzoic acid is so inflammable, that it burns with a clear 
yellow flame, without the assistance of a wick. The mineral 
acids dissolve it, but it separates from them without alteration^ 
by the addition of water. It dissolves in oils and melted 
tallow. U unites with earthy and alkaline bases, forming the 
salts called benzoates. 

Camphoric Acid. 

Cgmphor ia a concrete essential oil, of a strong taste and 
smell; it is extracted by sublimation from a species of laurel 
in the Hast hndies, and has a crystalline form. H is so volatile, 
that it cannot be melted in open Teasels, and so inflammable, 
tfiat it burns even on the surface of water. Kosegarten, by 
distilling nitric acid eight times successively from this sub¬ 
stance, obtained an acid in crystals, which is called camphoric 
acid, 

Camphorioacid is in snow-white crysti^, which effloresce in 
the air. It has a slightly acid, Itit^r fiste, and a smell like 
saflVon. It reddens vegetable blhes. It requires 200 times 
its weight of cold water to disaolveit; but boiling water takes 
up one-twelfth. If thrown upon burning coals, it is entirely 
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dissipated in a thick aromatic anioke. With a gentle heat it 
melts and h sublimed. It is soluble in alcohul. and not pre¬ 
cipitated from it by the addition of water, a property which 
distinguishes it from the benzoic add. It does not precipitate 
lime iron) lime-water. 

The mineral acids dissolve camphoric acid entirely; it is 
also dissolved by the fixed and volatile oils. It unites req^ily 
w ith the earths and alkalies, forming the salts called rn/n-* 
pfiorates. 

Gallic Acid^ 

This acid is found in the nut-gall, and generally in all astrin¬ 
gent vegetables, though it exists independently of the astringent 
principle. The nut-gall is an excrescence produced on a 
species of oak by the puncture of an insect. 

The gallic acid niaji^bc obtained by various processes; the 
following method is proposed by Proust. P<»ur a solution of 
muriate of tin into an infusion of nut-galls; a copious yellow 
precipitate is instantly formed, consisting of the tanning priu- 
cijde combined with the oxide of tin. After diluting the 
liquor w ith a sutlicieiit quantity of water, to separate any pot- 
lion of this precipitate which tlie acids might hold in solution, 
the precipitate is to be seqiarated by filtration. The liipiid con¬ 
tains gallic acid, muriatic acid, and muriate of tin. To sepa¬ 
rate the tin, a quantity of sulphuretted hydrogen ga.s is to be 
mixed with the liquid. Sulphuret of oxide of tin is preci¬ 
pitated under the form of a brown powder. The liquitl is then 
to be exposed for some days to the light, co%’tred with paper, 
till the superfluous sulphuretted hydrogen gas exhales. After 
this, it is to be evaporated to the proper degree of concen¬ 
tration, and left to cool. Crystals oi gallic acid arc deposited. 
These are to be aejparated ny filtration, and washed with a 
little cold water. The evaporation ©f the rest of the liquid is 
to be repeated till all the j^liic acidl is obtained from it. 

The gallic acid thus obtained has a very acid taste; it red¬ 
dens vegetable blues; dissolves in U part of boiling water, 
and twelve parts of cold water. Alcohol dissolves one-fourth 
4f its weight in the cold, and tis own weight if assisted by 
heat. 

Gallic auend, thrown upon burning coals, inflames, and emits 
an aromatic o^our, not very dissimilar to that of the benzoic 
acid. Its residuum is chiwcoal. ItisdecompcMmd bp distillation. 
U has a great affinity ifor most of the metallic oxides, which it 
wt|l talte iroro the strongest acids. A solution of gold it renders 
gretib tuud minses a brown precipitate which readily passes to 
t^^hwetitttic state. On the nitric solution of silver it has Uie 
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same effect. Mercury it precipitates of aa orange yellow; 
copper, bro^n; 'bismutb, of a lemon colour; lead, white; 
iron, purple or black, for whicli reasonnut'^alis are a^^ployed 
to form writing ink; they are also extensively used,m^e> 
iitg. Platina, ztoc, tin, cohalt, and manganese, it does .not 
precipitate. 

^ The combination of the gallic acid with diff^reut bases, 
are called gaUatei. 

Sucdiik Acid. 

• 

This acid is obtained from amber, which is a brown, trans¬ 
parent, combustibleaubstance, dug out of the earth, in some 
countries, and found upon the sea*coast in others. 

During the distillmtion of amber, the crystals of this acid 
attach themselves to the neck, of the retort; they were for¬ 
merly o^led ntU of amber. When purified by repeated solu¬ 
tion in hot neater, filtration, and re-crystallization, they are 
white, shining, triangular prisms. Their taste is slightly 
acid; they redden tincture of litmus, but have no effect on 
sirup of violets. 

This acid obtains its name from r«cr/n«fii, the Latin name 
of amb^^r; its salts are called succimtes. 

t 

Suberic Acid. 

This acid exists in cork, U is obtained by distilHng nitric 
acid off cork grated to powder, till the cork acquires the 
consistence of wax, and no more red fumes appear. The 
residuum is placed in a sand-heat, and continually stirred, 
till white penetrating vapours appear. It is theta removed 
from the sancLheat, and stirred till cold. Boiling water is 
poured upon the product; heat is applied till it liquefies, 
and it is then filtered. A sediment iadeposited, which mu^ 
be separated by the fiWef, and the fluid evaporated nearly TO 
dryness. The mass thut obtained is the suberic acid. It 
may be further purified by saturating it with potass, and pre¬ 
cipitating it bv means of an acid; or by boiling it along with 
charcoal powder. . • 

Suberic acid fa not crystallixable; boiling water dissolves 
half its weight of it, but it is nevly insoluble in cold water. 
Its taste it acid, and slightly bititnr. It t^dans most vege¬ 
table bluet, has the peculiar property taf changing the 
solution of Indigo imitalplitatio acid to w green. 

It attracts TOoisture firom the atmosphere, and exposure to 
light renders it brown. It has no action on gold or nickel, 
but oxidizes most of the other metals. With different bases, 
its salts nre called suherates. 

do.—Voi.. II. 3K 


440 


CIIEMfSTIlT. 


C^icnntKmiMl •eiil. 


Pkosj^hork 

The purest phosphoric ocid i* obtained by the combustion 
of phosphorus in oxygen eaa. If no moiature be present, it is 
obiajued in the form of white docks, which are very light, and 
liave a strongly acid taste. These docks will attract moisture 
from the atmosphere, and become a fluid acid. This acid 
may be concentrated till its sjjccific gravity exceeds that of 
the sulphuric acid; though strongly acrid, it is not corrosive, 
and has no smell. 

Phosphoric acid may likewise be oblaiired hy heatiu;; plmn 
phorus with nitric or sulphuric acid; it remaMis m the rei<>ri, 
after these acids are driven over. Another mode of formiii;; 
It, consists in exposinsr phosphorus for some weeks to the com- 
mon temperature of the atmosphere, by which means it is gra¬ 
dually converted into a liquid acid. It is usually (daced on 
the inclined side of a funnel, through which the liquid which 
is formed drops into a bottle placed beneath to receive it, and 
containing a little distilled water. The acid thus prepart'd, 
is called phmphoric acid by dcliqucuence. 

The quantity of acid obtained from phosphorus, is generally 
about three times the weight of the phosphorus used. 

If phosphoric acid be exposed to heat, it gradually becomes 
thick and glutinous; and if the heat be continued, it melt., 
into a kind of glass, which is called the acid of phu<> 

f ihorus, or glacial phosphoric acid. This glacial acid beconx *. 
iquid by exposure to the atmosphere. 

Phosphoric acid, when perfectly dry, sublimes in closi- 
vessels, but the addition of water deprives it of this propertv 
If mixed with charcoal, or other itiflanimable matter, anrl 
exposed to a strong heat, it parts w'ith its oxygen, and is con¬ 
verted into phosphorus. 

• Phosphonc acid, assisted by heat, has some action upon 
stiex, and will therefore decompose glass. 

The salts of phosphorus arc called pho$phatcf. The phos¬ 
phate of lime exists in bones, from which phosphorus is gene- 
rpliy prepared ; whole mountains of phosphate of lime are said 
to exist in the province of Estramaciura in 8pain. 

^ Phosphomm Acid. 

The spontaneous combnation of phosphorus at the tempera¬ 
ture of the atmosphere^ forms, in the first instance, pho$pharom 
mid. which contains less oxygen than the phosphoric; but 
as phosphorous acid acquires an additional quantity of oxygen 
from toe atmosphere, it is speedily converted into the pho»- 
pboriev 
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Phosphorous acid is, therefore, very little known. It may 
be decomposed by charqpa!, but cannot be reduced to the 
glacial state. Its salts are called pk&$phites. 

Bombic Add- 

This acid Chaassier obtained from the silk-worm, by bruis¬ 
ing the insect, and infusing it in alcohol. On ttaporating 
part of the alcohol, he obtained a pungent yellow fluid, which 
icddcned vegetable blues, and united with alkalies, and some 
of the earths. It has been very little examined. 

Sehadc Acid. 

Scbacic acid exists in tallow and animal fat generally. It 
iH liquid, fuming, and of a penetrating odour; it has an acid, 
sharp, bitterish taste. It reddens tincture of litmus. Heat 
decomposes it, turning it yellow, and reducing it to a coal. It 
ervstalli3r.es in needles, and its crystals, when heated, liquefy 
like tallow. It produces an ether by distillation with alcohol. 

Sebacic aciu may be procured by heating together a mix¬ 
ture uf suet and lime. Sebate of lime is formed, which may 
tie purihtd by solution in water. It is then to be put into a 
11 tort, and sulphuric acid poured upon it; the sebacic acid 
pavsch over, on the application of heat. 

tM bacic acid oxidizes silver, mercury, copper, iron, lead, 
till, zinc, antimony, and manganese; but has no action on 
iuMiiuth, cobalt, and nickel. When mixed with nitric acid. 
It dissolves gold. * * 

8nlts formed with the sebacic acid, are called sebaies. 

Jmccic Acid. 

This acid is obtained from a substance called white lac, 
which resembles bees’ wax, and is brought from the East 
Indies. It is the produce of an insect. 

Dr. Pearson, in preparing to examine w'hite lac, exposed 
2(»U0 grains of it to a degree of heat just sufficient to melt 
them. As they grew soft and fluid, there oozed out 650 
grains of a rerldish watery liquid, which had the smell of 
newly baked bread. To this liquid he gave Uie name of 
lacck acid. 

The laccic acid reddens paper stained with tincture of lit¬ 
mus; it has a slightly saltish taste, but no sourness; when 
heated, it smells like newly baked bot bread; at the tempera¬ 
ture of 60*^, its specific gravity is 1.026. After a slight eva- 
porntion. it crystallizes. It is converted into vapour at the 
lieat of 200“, and leaves only a small quantity of extractive 
matter behind. 
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Amm&ik Add. 

If the liquor of the ftmntous of a cow be evaporated to 
one-fourtli, the remainder will afford crystals, on being left to 
cool. These crystals are the amnioik add. They arc not 
quite uurc, but may be purified by solution in water, and rt- 
crystallization ; the crystals are then white and shining. 

The amniotic acid is slightly sour; it reddens the tincture 
(ff litmus; it readily dissolves in hot water, but very sparingly 
in cold water. It is soluble in alcohol. The acids precipi¬ 
tate it from its combinations with alkalies in a white crystal- 
liiH powder. 

iMCtk Add. 

This is the acid which appears in milk that hki become sour. 
To obtain it by Scheele’s process, evaporate f{ows«Jf‘»5*v«‘»<-A.4 
whey to an eighth part, aj>d »t; this separates the 

cheesy iwrt. K-.*-- »ne liquid with lime-water, ami the 

.ri.u»|/Mate ot lime precipitates. Filter agat|t, and dilute the 
liquid with three times its own bulk of watef ,^addf to it o\*abc 
acid, drop by drop, to precipitate the lime'trhich it has dis¬ 
solved from the lime-water ; then aild a very smAU quantity of 
lime-water, to see whether tdo mtrch os^ic acul has been 
added. If there has, oxalate of bme immediately precipitates. 
Evaporate the solution to the consistence i^.,lioney. pour in 
sufficient <|uantity of alcohol, and filter again; the acid pa»H« s 
through dissolved in'the alcohol, but the sugar of milk, and 
every other substance, remains liehind. Add to the aolutiun 
a .small quantity of water, and distil with a low heat; the al- 
coho! passes over, and leaves l»ehind the lactic acid dissolv. ij 
in water. 

Lactic acid is incapable of crystallizing; when evaporated to 
dry ness, it deliquesces in the air. Its salts arc called hctaie$. 

Mucous Add. 

This acid is obtained from gum arabic, and other imicilu- 
ginous substances. Bcheele, its discoverer, obtained it from 
sugar of milk, and therefore called it tlu* afiV/o/'i«g«r o/ wi/A-. 

It was afterwards called saccholactk add, which has been ex¬ 
changed for Its present title. 

If one part of gum be gently heated with two of nitric acid, 
till a small quantity of nitrdtis gat, and of carbonic acid, arc 
rlisengaged, the dissolved mass will, on cooling, deposit the 
Itldcous acid. 

Miicows acid forms a white gritty powder, which has a 
l^htly acid taste. It is soluble in tHi times its wt iglit of 





CHEMISTRY. 


443 


C!uiu|M)ium 1 kub»Uu»c«»-~Acidiiu—Uric Mill—Prasok. 


boiliiijr wafer. The solution reddens tincture of litmus. Its 
sjM cilic gravity at 53.7^*, is 1.0015. 

'I'iie combiiiutioiis of this acid iwitb other bodies are called 
tnuaies. 


Uric Acid. 

Scheele, in analyzing human calculi, found that a peculiar 
acid constituted the greater part of them all, and nearly the 
whole of some. This acid is called uric or lithic acid. It exists 
in human urine, from which it spontaneously separates in a 
few' days in the form of red crystals with brilliant facets, the 
urine at the same time losing its colour and acid nature. It 
has neither taste nor smell, but reddens vegetable blues. It 
is sidubie in 2<K)0 times its weight of cold water. It is a com- 
posiiuui of carbon, nitrogen, hydrogen, and oxygen. 

Tins acid is found in the urine of the camel, and in those 
anihrittc concretions commonly called challcstones, 

Vnmic Acid. 

** 

'I bis ac^ CJdsts, combined with iron, in the fine blue pig- 
lueiit well knovriri by the name of PntmnH bine. It may be 
obtained as* follows ; Mix four ounces of prussiun blue w ith 
two of ced oxiile of mercury prepared by nitric acid, and boil 
them in twelve ounces by weight of water, till the whole be¬ 
comes colourless i filter the liquor, and add to it one ounce of 
( h All iron filings^ and hix or seven drachms of sulphuric acid. 
Draw oti by distillation about a fourth of the liquor, which 
will be prussic acid ; though, as it is liable to be contaminated 
wah a portion of sulphuric acid, to render it pure it may be 
let titled by re*distiliing it off carbonate of lime. 

I'he prussic acid has a .smell like that of peach blossoms, 
hs taste IS at first sweetish, then acid and hot, and it excites 
coughing. It is very volatile, and capable of existing as an 
iui<l in tile gaseous form. 

The prussic acid combines with earths, alkalies, and metallic 
oxides, forming the salts called primiates. The prussiatc of 
potash and iron, often called the prussian alkali, is one of the 
most important of these compounds, both for its utility as a 
test, and for making prussian blue. To form it, two parts of 
bullock'.s blood, and one of potash, are calcined by a moderate 
licat in a covered crucible, containing a hole in the lid. The 
calcination is to be discontinued when the matter ceases to 
afford a small blue flame. The residuum ipust be lixiviated 
w lih a Rtnull quantity of cold water, in tliis state, the prus- 
hiate of potass may be employed for making prussian blue, 
though not pure enough for the use of the chemist.* Heury 
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rccomnieiuls il to be oblained by the following procehs frnm 
Prussian blue, when required quite pure; To a solution of pot¬ 
ass. deprived of its carbonic acid by qiiicklitue. and heultd 
nearly to the boiling point, add by degrees powdered prussmii 
blue, till its colour ceases to be discharged. Filler the liquor, 
wash the sediment with water, till it ceases to extract any 
thing, mix the washings together, and pour the mixture into 
an earthen dish in a sand-heat. When the aoluiioii has be- 
c'ume hot, add a little diluted sulphuric acid, and continue the 
heat about an hour. A copious precipitate of prussiun blue 
will be fonnetl, winch must be separated by filtration. Assay 
a sinali fpiantity of the tillered liquor in a wuie-glass, willi 
a little diluted sui[)huric acid. If an abundant production of 
prus!Hian blue still take jdace. the whole liquor must be exposed 
again to beat with a little diluted sulphuric acid, and this must 
he rejieated as often as necessary. Into the liquor thus far 
[Minfied. pour a solution of sulphate of copper in four or six 
times its weight of warm water, as long as a reddish brown 
precipitate continues to appear. Wash this pcjecipitate, which 
ij. a prussiale of copper, with repealed aS'usionsbf warm water; 
ami when the water comes oil colourless, lay the precipitate 
on a linen fill* r to drain, after which it may be dried on a 
chalkstone. When the precipilele is *lry, powib r it, and adil 
It by <)iglees to a solution of p*»laHs, which will take the priis- 
Hic acui from tlie oxide of copper. This prussiate of potass, 
hriwever, will be contuiuinated by some poitidu of sulphate of 
potass, frmn part of which it may be treed by gentle evapora¬ 
tion. as the sulphate crystallizes first. To the reiuaintog bqu.ir, 
add a solution of barytes in warm water, as long as a white 
precipitate ensues, observing not to add more after its cessa¬ 
tion. The solution of prussiate of potass will now be freed 
in a great measure from iron, and entirely from sulphate, and 
by gentle evaporation will form, on cooling, beautiful crystals. 
Iliese, dissolved in cold water, afl’ord the purest prussiau al¬ 
kali that can be prepared. If pure barytes be not at hand, 
acetate of barytes may be used instead ; as the acetate of pot¬ 
ass formed, not being crystallizable, will remain in ilie uiolher- 
tifater.—See page 4H(>, of this volume, for an account of the 
utility of this prussiate. 

Prussiates of soda and of ammonia may be prepared in a 
similar way to the prusaiate of potass, above described. 
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Of Oxides. 

When the oxygen united to any of the simple substances 
docH not give it the properties of an acid or an alkali, the com¬ 
pound is called an oxiae. 

Most of the metals are capable of combining with different 
proportions of oxygen, and a difference in the proportion of 
oxvgen gives a different colour to the oxide. 

iSoine oxides require only an additional quantity of oxygen 
to convert them into acids; others always retain the character 
•li oxides, whether possessed of the highest or the lowest 
(juanljty of oxygtm with which they will combine. 

Oxides cannot be formed except oxytien be present, and tlie 
fix'ide of any suhstaiice is heavier than the substance itself, by 
a quantity exactly equal to the oxygeti received. The young 
student may be reminded, that by the term heavier, it is not 
meant that thedUsn-sity or specific gravity of the oxide is greater 
than its base, bbt the total quantity of it weighs more. 

Oxides are in general friable or pulverulent, and have the 
appearance o£earths; but one of them is a fluid, and some of 
them are gases. 

Ox ides of. Nitrogen . 

Nitrogen combines in two proportions with oxygen without 
prmlticing an acid; it therefore furnishes two oxides, which 
are distinguished from each other, like the acids, by a difl’or- 
ence ill the termination of the word denoting the base : they 
are the nitrous oxide, and nitric oxide. 

\itrous oxide .—This gas, which is also known the name 
of the gascoHs oxide of nitrogeti, is compo.sed of 63 parts of 
nitrogen, and 37 of oxygen by weight. It has a faint smell, 
and imparts a slight sensation of sweetness when respired. 
It is dissolved by water, but may be expelled from the water 
by heat unchanged. Alcohol absorbs more of it than water, 
and the essential and fixed oils more than alcohol; but heat 
e xpels it from all these combinations. It supports’ combus¬ 
tion with more activity than common air; but it is in general 
necessary that the combustible should be kindled m the 
atmosphere or oxygen. It may be respired for a few minutes, 
and the extraordinary effects it produces on the system, dur¬ 
ing its respiration, and for a short time after, occasions it to 
be frequently made for this purpose, which is the only use, (if 
it may be called a use,) to which it has been applied. To in¬ 
hale it, superinduces a species of intoxication; the mind of the 
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person is lost for the momeut, to a r«^ht coiiscioiiinesa of things 
around him; in general he taught involuntarily and extrava> 
gantiy; exhibits the most frantic or preposterous gesticula* 
tions, and violent muscular exertion, and feel* at the same 
time delightfully happy. In a few snomenU, after having 
ceased to oreaUke the gas. its efTecta go off. With nearly ail 

f tersons who have breathed this gas, not the least uneasiness or 
augnor subsequently remains; it has evenrecovi^red sotfMHVom 
a state of casual debility, and restored them to comfortable 
enjoyment; but as there are others on whom less favourabh' 
eflects have been produced, it may be a useful caution for 
those who have never breathed it, or who are not in perfect 
health, to take in the first instance but a small dose. 

As it is important that the nitrous oxide intended to be in¬ 
haled should be perfectly pure, it may be proper to obseivc, 
that it can only l>e prepared with certamty by the decomposi¬ 
tion of nitrate of ammonia. For this purpose, nitric acid, di¬ 
luted with five or six parts of water, may be saturated with car¬ 
bonate of ammonia, and the solution evaporateddiy a very geutie 
heat, adding occasionally a little of the carbonate, to supply 
what is carried off. The nitrate crystallize* in a fibrous mass, 
unless the evaporation has been carried no far as to leave it 
dry and compact. The iiitratAhould be put into a retoit, niut 
a fanip furnace should be employed to oecompose it, as the 
heat employed should not be raised above A pournl <*f 

the nitrate of ammonia will yitdd about 5 chbical feet of the 
gas, which should be received over water, and afierwurrls 
allowed to stand an hour or two in contact with tbewatir, 
which will absorb any ammonia that may have been sublimed, 
or any acid that may happen to be preaent. 

Nitric oxule, (soineiimea called nkrom gas.) —^Tl«* gas i« 
computed of 44 parts of nitrogen, and of oxygen by weight. 
It ia an invisible gat, until it come* in contact with tlie atmo¬ 
sphere. or some air which contains oxygen, when it aasumes 
an orange colour. It i« interesting to observe the difference 
between this gas, and the preceding, from which it only 
differs in containing a few parts more oxygen;—this gas 
instantly kills the animals which breathe it* and even destroys 
plants. In general also, it extingutshea light, but soma sub- 
stmices have the property of ckcompostng it, if tuflamed 
before being pat into it, and of than burning with consider¬ 
able aptandour. 

Dr* Piieaffey found that water waa oipabla of absorbing 
about one-tenth of nitric oxide, from which it acquired an 
tait#bllgti|t taste; and that the water gave out the whole of 
when passing to the stole of ice* 
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Oils greedily absorb nitric oxide, and decompose it. Nitric 
arirl also absorbs it, and is converted by the absorption into 
nitrous acid, becoming fuming and coloured at the same 
time. 

Nitric acid is composed of 75 parts of oxygen and 25 of 
nitrogen; it therefore bears a very near relation to this gas, 
which may be converted into it, by simply, mixing itwith a due 
proportion of oxygen. 

Os hie of Hydrogen. 

Hydrogen appears to be capable of combining with oxygen 
only in one proportion, and that one forms water, which is the 
oxide oj hydrogen. 

Carbonic O tide. 

Carbon, combined with GO per cent, of oxygen, forms cor- 
honic oiide, which is an invisible and elastic gas, of rather less 
specific gravity than common air. . This gas is not fit for respi¬ 
ration, nor will,it support coinbustion; but it will itself burn, 
w ith a lambent blue llaiue, in atmospbertc air. This is the only 
oxide of carbon whicli has been obtained. 

Oxide o/JSixiphur. 

Sulphur, if kept for'sonie time in fusion in an open vessel, 
absorbs about 2.4 per cent, of oxygen. This is the only oxide 
*of it which is knuskn; it is of & red colour, and is used for 
taking impressions of medals. 

Oxide of Phosphorus. 

The brown colour which phosphorus acquires by exposure to 
the air, is in conseouence of its combination with oxygen, and 
thi.s brow n part is the oxide of phosphorus. Phosphorus, when 
iiiixcd with its oxide, which it generally is when newly pre¬ 
pared, may be purified by putting it into hot water; the* oxide 
swims on the surface. 


Metallic Oxides. 

Metallic oxid^ are exceedingly numerous; every metal is 
capable of forming at least one oxide, and most metals are 
capable of forming several by combining with different propor¬ 
tions of oxygen. The oxy^n which enters into their compo¬ 
sition, has the singulgi^, effect of depriving them entirely of 
their lustre and cohisibn, and reducing them to the state ol 
earths. 

An acid has no action upon a metal, unless the oxygen it 
contains has a greater attraction for tlie metal put into it, than 

45.—Voi.. 11. 31. 
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for the base of the acid. The acida fimt impart oxygen to 
metab, atid then disHoWe the oxide. 

The metals, in Uie readineaa with which they imbibe oxy¬ 
gen, and the firmness with which they retain it, difier very 
considerably. From some, as manganese, it cannot In* sepu- 
ruted without dtificuUy; from others, as gold, silver, ami 
platina, it is ever ready to sepMarate, because of their slight 
athnity for it, which*constitute8 their liisposition to resume 
their metallic state, and is tiie leading properly of what ar* 
called noble metals- 

From the beauty and fixedness of the colours of many of thr 
metallic oxides, they arc used as pigments in painting in oil and 
water colours; and as they arc convertible into glass, they »r' 
adniinibly adapted for painting on enamel and porca lain, A 
purple colour is given bv gold ; yellow by silver ; gre* u liy 
copper ; red by iron; blue by cobalt; and violet by manga¬ 
nese. 

As carbon and hydrogen have a stronger altraction fo 
oxygen than other sulwtances, thev, or the substances t oom^i- 
ing chiefly of them, are employed tor reducing metalhc oviih •>; 
the luctullic oxide is mixed up with charcoal, nil, fat. M 
or the cheapest infiatuniable body which can be obt;om‘<l. and 
submitted in a crucible to n strong heat ; the Jiwgm of ih* 
oxide combines with the hydrogen or carbon which is prosmi. 
and the metal is obtained in its metallic state at the buituin <d 
the crucible. 


Of Kaiitiis. 


The rocks, stones, and mould, which constitute the bulk of 
the globe, are found, ujkmh being cheinically examined, to con¬ 
sist of a few substances, which arc distinctly diflVn nt from 
each other, though Uiey have several profwjrties in common. 
These substances are called earths, 

1. Earths are incombustible, and when alone are scarci ly 
alterable by the most intense heal. 

2. They are either insoluble or very sparingly soluble in 
water or alcohol; when in combination with carbonic acid, 
they are insoluble. 

3. Their s|»ecific gravity is never five limes greater than that 
oiT 

,* 4 * They assume the form of a white dry powder, when 

nure. 

6. They have little taste or smell, at least when combined 
with carbonic acid. 
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ti. They are not precipitated from their solutions in acids, 
by the prussiate of potass, like metallic oitides. 


The earths have a very considerable resemblance to metallic 
oxides, and Baron Born long ago surmised that they were com¬ 
pound bodies; butasno proofofthisupinioncould be advanced, 
they were classed as if they were simple, till Sir H, Davy, hav¬ 
ing sticcccded in decomposing the alkalies, submitted the 
carlks to the saute powertut means of analysis, and succeeded 
in decomposing most of them. From his experiments they 
must bo considered as metallic oxides; but their nietallic bases, 
bko tliose of the alkalies, have so powerful an attraction for 
oxygen, us to be wholly inseparable from it by the ordinary 
mcanhuroperatioii; and Irom the extreme difliculty of obtaining 
uirl prt nerving them, little is known of their properties. 

't he distinct earths, at present known, are the nine following: 


1. Alumtne, 
‘J. Silex, 
d. Magnesia, 
4. ZiTccni, 
o. iilncine. 


(>, Vttria, 

7. Lime, 

8. Barytes, 
li. Struutian. 


4 lie tnrec last-named earths, viz. lime, barytes, and stron- 
it.ui, having, when pure, a caustic taste, solubility in water, 
ti.d the ellcct of changing blue vegetable tinctures, to a green, 
.lie olteii called ulkatme earths, and havo sometimes been 
t Ia>.o d among the alkalies; but as they are infusible by lluni¬ 
si lve>, and form insoluble compounds with carbonic acid, tliey 
iiitainly have a nearer lehition to the general properties of 
the earths than to tlie alkalies. 


Alumme. 

Alumine has neither smell nor ta.ste while dry; it is soft to the 
touch, und adheres strongly to the tongue; by exposure to an 
intense heat, it is impcrffctly fused, and becomes so hard as to 
strike lire with steel, and to be capable of cutting glass. Its 
specific gravity is 2.0(L It is scarcely sol able in water; but 
when dry. it is capable of absorbing 21 times its weight of 
water, and easily mixes with a greater qut^nlity to form u paste; 
it is soluble in all the acids, and in solutions of caustic jiotass 
and soda. It is often culled argil or pure ciaj/. 

Alumine derives its name from alum, from which salt il is 
ulitainod in the greatest purity. Common alum is a sulphate 
of alumine; common clav is alumine mixed with silex, and 
scvcial other bodies. 
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Ignition renders alumine incapable of forming a paste nitii 
water; but it recofers Uiia property by solution and precipi¬ 
tation. 

To obtain alumine, dissolve alum in hot water, and add 
ammonia or potass to the solution, as long as any precipitate 
IS funned. Decant olf the fluid, and was^ the precipitate in 
a large (Quantity of water. This precipitate is altimine, com¬ 
bined with only a small portion of sulphuric acid, whereas in 
the state of alum, it was supersaturated with the acid. U this 
precipitate be dissolved in muriatic acid; the solution cvujio- 
rated till it deposits crystals in cooling; these crystals sepa¬ 
rated each time after repeated concentrations of the solution; 
and lastly, a precipitate formed by ammonia, alunniie nearly 
pore will be obtained; the crystals separated consisting of 
the alum. 

Alumine cannot be artificially crystallized; but it is found 
native in beautiful transparent crystals, of great hardness, ami 
of the specific gravity of 4. In this state it forms the precious 
stone called sapphire. 

Though alumine alone is prodigiously refractory m the tin , 
yet it easily fuses and enters into combination with Imu. fm 
which it has a strong affinity. 

Alumine has also a strong affinity for metallic oxides, p.ir- 
ticuiariy those which contain most oxygen. The varmu', 
colours of clay are mostly owing to the oxide of iron combined 
with them. 

Alumine is of great importance to mankind; it enters largi ly 
into the composition of the best arable soils; as it swells umi 
will not permit water to sink through it. it is inestimable ns a 
lining for canals and reservoirs; for this purpose it is used in 
the state of clay; combining readily with greasy substanc< 
it is also of the first importance in scouring cloth, to which u»i' 
it is often applied in the form of pipc-clay, but, in manufactures, 
fuller’s cartli is citiefiy used, which is alumine mixed with very 
fine silex. Clay is also extensively required for making brickt, 
and tiles. Alumine is the base of all earthenware and porce¬ 
lain, and its utility for these purposes renders it of great con¬ 
sequence. In one province of China, five hundred furnaces, 
and nearly a million of men, are said to be employed in the 
xnanufactore pf porc^tain. 

Acliard found thatiqual parts of alumine. lime.roagnesia, and 
silex, melted into glass. They were fusible also in various other 
proportions, especially where the silex predominated. 

The attempts of bir II. Davy to decompose alumine, indi¬ 
cated it to be a compoumi body, but were not so decisive as 
witb some of the other earths. 
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Sites, 

Silex, in its purest state, is a white powder, possessing a 
Kingular degree of asperity when rubbed between the fingers. 
It has neither taste nor smell; its crystals scratch glass. It is 
insoluble in water by artificial means, and in all ti«e acids 
except the fluoric. Alone, it is unalterable by the strongest 
heat; but when mixed with potass or soda, it enters into 
fusion, and forms glass. Its specific gravity is 2.66. 

Silex exists almost in a slate of purity in rock crystal; it 
forms also the principal part of flints, and of nearly all stones 
which strike fire with steel. 

If flints, or rock crystal, or quartz, (which is rock crystal 
coloured,) be fused with three or four times its weight of 
potass, a mass, resembling glass, will be obtained- This glass 
will iibKorb moisture from the atmosphere, and is entirely 
soluble in water. The solution is called liquor silicum, or 
of ft Hit X. 

If an atiil, the muriatic for example, be poured into the liquor 
of tliiitH, it comhines with the alkali, and the silex is precipi¬ 
tated. The silex thus obtained must be purified from saline ad- 
nuxtuie, by repeatedly washing it in distilled water. The rock 
crystal, or flint, to render it more easily acted upon by the alkali, 
.shouhl be made red-hot in the fire, and plunged in that state 
into water. It may then be easily reduced to powder. 

Kqual parts of lime and silex may be fused and vitrified; 
but the muss is not transparent. Barytes and silex also enter 
into fusion, when the barytes predominates. 

tSilex constitutes the principal part of the stone called asbes¬ 
tos, which has a fibrous texture, and was by the ancients manu¬ 
factured into cloth. In this cloth, which has the property of not 
bcuig consumed by fire, they wrapped the bodies of the dead, 
in order to preserve their ashes, when the body was burnt. But 
though asbestos-cloth is whitened and not destroyed by the 
heat of a common fire, it is rendered less flexible, and reduced 
in weight. Asbestos is found in Corsica, in the Isle ol Elba, 
in Sweden, and in Cornwall and Anglesea, in England. 

The clearest glasfe is made of the finest white sand fused 
widi purified alkali, of which the proportion is not more than 
one-half of that of the sand. The common bottle-glass is not 
made with pure alkali, but with the ashes of vegetables, or 
soap-boiler’s waste ashes. The green colour is derived from 
the iron usually contained in the ashes of vegetable.s. If glass 
contain a considerable excess of alkali, it will attract moistm e 
from the atniosjdierc, and in a short lime become fluid; and 
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ttvtu a small excess of alkali will cause it to lose its trans¬ 
parency. 

Alkalies in Uie humtci way are capable of dissolviin^ one- 
sixth of their weight of silex, wlien the earth b in a state of 
luinute division. 

Silex and alumine are the earths which have the greatest 
oflinity for each other; and thev predominate? over ail other 
earths, both in quantity, and the Imrdness of the cotupouiicis 
they form. 

Magnesiu. 

Magnesia is a soft white powder, very light, ami resembling 
vegetable fecuia. It has scarcely any smelt, but a slightly 
hitter tii'tte, is unalterabie in the fire, and reejuires at leant 
parts of water to dissolve it. Its specific gravity is 
It gives a slightly green tinge to vegetable blues. It cannui 
he fuseil alone by the strongest fires, but it remarkably pro- 
motes the fusion of some other substances. 

Magnesia has the singular properly of rendering ojniim ami 
resins soluble in water. 

fhis earth has never been found native; but alw.vys in com- 
hiiialion with some acid; in combination with the soipiiunc 
acid It exists m sea-uater, ami in the water of iminv sfuinu^s, 
particularly some about Epsom, from which circuiiistance tin* 
sulphate of magnesia was called Epsom salt. To obtain the 
earth, dissolve Epsom salt in water, ami add half its weiulit uf 
potass. The magnesia is immediately precipitated, and aim 
having been thoroughly washed with water, it may be diied. 
The Epsom salt of commerce, is generally procured from llie 
waters which remain after the separation of salt from sea-wiiter, 
by adding to it sulphate of iron. The sulphuric acid Ic.-vves 
the iron to unite with the magnesia, and the muriatic acid w hich 
was before combined with it unites with the iron, 

JStones which contain a considerable proportion of mag¬ 
nesia, are unctuous to the touch, have a fibrous texture, ami a 
silky lustre, the gfreeii steatites or Erencli chalk, and talc, arc 
examples. 

In the state of phosphate, magnesia has been found in the 
bones of all animals. A proportion of magnesia is necessary 
in the clays designed for making the best porcelain; it lessens 
the contraction to which clay is aubjeci. 

Sir If. Davy succeeded in separating the metallic base of 
magnesia: it sunk rapidly in water, producing magnesia, and 
quickly changed in air, becoming covered with a white crust, 
and falling tnto a white powder, which proved to be mag¬ 
nesia. 
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Magnesia would in bleaching be preferred to lime for com' 
bitting 'Mitb the oxyrntfriatic acid, but it is too expensive. It 
is much used in medicine, as a gentle aperient, and corrector of 
acidity; as an aperient it should be in the state of a car¬ 
bonate, or what is called mild magnesia, or magnesia alba; 
»s a corrector of acidity, it will not be very elFectiia’ unless 
pure, ip which state it is sold under the name of calcined mag- 
iinia. 

If sulphur and magnesia be kept for some time in a moderate* 
heat, they combine, and form the sulphuret oJ‘magtmia,vihicU 
IS (lecoiuposed by exposure to the air. 

Kirwau found that I3U parts ol lime and 10 of magnesia, by 
a beat of of Wedgwood, was converted into a fine greenish 
ytllovv glass, but the crucible was corroded; and the mixture 
of these two earths often penetrates the crucible. 

The salt.s formed by magnesia with acids, are mostly very 
soluble in water, are crystallizable, and have a bitter taste. 

Zircon. 

Zircon is destitute of taste and smell, and is harsh to the 
touch. N kneaded with water, and gradually dried, it assumes 
ail appearance almost like gum arabic, and retains one-third 
of Its weight of water. 

it is soluble in the acids, and alkaline carbonates, but differs 
from all the other earths in not being soluble in pure alkalies. If 
healed to wiiiteness, it is not afterwards soluble in the acids. 

Ily the heat of a forge, it may be convertedrinto a semi- 
vitreous mass, resembling porcelain. In this state it will 
strike fire with steel, and has a specific gravity of 4.3. 

Zircon was first obtained by Klaproth from tiie jfligon o^Cej'- 
lon. It has since been found m the jacinth. It is a scarce earth, 
and tuis not been applied to any use. SirH. Davy succeeded 
partially in the decomposition of this and the following earth. 

Gtuciue. 

Glucine is a soft white powder, without taste or smell; it 
resembles alumine in adhering to the tongue, but dift’ers from 
that earth, in forming soluble sweet-tasted salts, which are 
slightly astringent; it is infusible, neither hardens, shrinks, or 
agglutinates by heat. It is insoluble in water, but forms with 
it a slightly ductile paste. 

Glucine, like alumine, is soluble in pure liquid fixed alkalies, 
but not in pure ammonia, though soluble in carbonate of 
ammonia. It unites with sulphuretted hydrogen. 
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Thia earth waa first obtained from the aqua marina, utul 
afterwards from the beryl or emerald, lahicb contains 15 per 
cent, of it. Vanquelin, who discovered it, is of opinion thut 
it may be serviceable as a mordant in dyeing, and also in 
medicine, when it ahall be obtained in greater plenty. 

Yttria. 

Yttria is a fine white powder, wiiboot taste or smell. It is 
the heaviest of all the earths, its specific parity being 4.H4 J. 
It is infusible alone, but with borax it mells into glass, which 
is transparent, unless the borax be in excess, when it becomes 
white and opake. The salts formed by this earth, which is 
soiuhie in most of the acids, have a sweetish taste, and arc 
coloured. 

Yttria is insoluble in water, and in caustic fixed alkalies, 
but it dissolves in carbonate of ammonia, though it requires 
at least five time* as much as glucine. The oxalic acid, and 
oxalate of ammonia, form precipitates in its solutions resem¬ 
bling the muriate of silver. Prussiate of potass, crystalli/ed 
and rediasolved in water, throws it down in white grains; 
phosphate of soda, in white gelatinous flakes j infusion of galls, 
in brown docks. 

This earth is obtained from a mineral called gcdo/i/ii/e, from 
Gadolin, the name of the chemist who first discovered this 
earth. Gadoliiiite is found at Ytterby, in Sweden. It has 
always beensuspected to be a metallic oxide, from its great 
specific gramy, fioin its forming coloured salts, from its being 
precipitable by prussiate of potass, and from its miiriute 
yielding ox^uriatic acid. 

Ume. 

Lime is ofa white colour; ithas no smell, but has an acrid pe¬ 
netrating taste, and it corrodes animal substances. Its specific 
gravity is 2,3. It is soluble in 680 times its weight of w ater. 

Ume has been decomposed; its metallic base is called rn/- 
dum, which has the lustre and colour of silver; if heated in 
atmospheric air, it burns with an intensely white light, and 
qnickftme is the result. 

The solution of lime is called lime-vcmttrt which is limpid, 
but h|wi an acid taste, and turns vegetable blues to green. If 
liiae*watfrbe allowed to stand, a scum, called the cream of lime, 
forms on its surface, and if this be removed, another follows, 
till by tbis means the whole of the lime may be separatid from 
water If the lime be not skimmed, the cream, after having 
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Required a certain thickness, precipitates, and falls to tlie 
bottom. 

Pure lime, or calcareous earth, is never foand native; but in 
combination with acids, particularly the carbonic, it exists in 
prodigious quantities. Marble, limestone, and chalk, are all 
carbonates of lime; gypsum is a sulphate of lime. 

The operation caUed burning lime, consists in exposing 
marble, limestone, chalk, oyster-shells, or any other caroonate 
of lime, for some time to a white heat, by which means the 
carbonic acid and water contained in these substances is 
expelled; and the earth which has the peculiar characters 
assigned to lime, is left behind, in a mass \ihich has little 
cuinrence, and is easily reduced to powder. It is usually 
t ailed quicklime. 

Newly prepared lime, absorbs water with extreme avidity; it 
will absorb one-fourth of its weight of that fluid, and still re¬ 
main perfectly dry. If a suflicient quantity of water be poured 
upon it, lime falls into powder, some of the water is converted 
tiito vapour by the disengaged caloric of that part which unites 
with the lime This is called the slacking of lime: if the 
quantity slacked be considerable, and performed in a dark 
[)lace, light will be observed as well as heat. 

Lime with water forms a paste of but little cohesion; for 
common mortar it is mixed with rough sand to give it firmness; 
but the mortar for the outermost covering of indoor work, is 
mixed with hair, to give it cohesion without lessening its 
capability of receiving a smooth surface. , 

Lime absorbs carbonic acid gas as well as water from the 
atmosphere, and if not made into mortar before it has im¬ 
bibed any considerable portion of it, the mortar is of little 
value. It is by the absorption of carbonic acid, that mortar 
acquires hardness, its lime being slowly converted again to 
the state of limestone, but the hardness will not be perfect 
unless undisturbed from its commencement; when this cir¬ 
cumstance is observed, it soon acquires a moderate degree of 
hardness; but ages are probably required for it to attain its 
maximum. The silex or sand mixed with lime, operates by 
hastening its crystallization. * 

Lime, though infusible alone, promotes the fusion of all the 
other earths, and is used in melting iron ores; it serves as a flu,x 
to the alumine and silex which the ores of that metal contain. 

Marl, which is of so much value in agriculture, consists 
of a mixture of lime and clay, and it is the calcareous part of 
its composition to which its value is owing; if the quantity of 
lime in it do not exceed 30 per cent, it is worthless. Everv 
good soil contains a portion of carbonate of lime, vvhicK 
4().-~Voi.. IL 3M 
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matertaliy assistt in retaining the moisture necessary to active 
vegetation. Limestone containing much magnesia, is unfit 
to afi'ord lime for the farmer’s use; it nmy be known from 
good limestone by its being much longer in dissolving in 
acids. 

Lime is used by the soap>manufacturer to rendrr soda 
caustic, and therefore the more nearly it is in a caustic state 
itself, the less the quantity of it which will sufiice. Hence it 
should be used as soon as possible after it has been burnt, or, 
if this be not done, it should be preserved in air-tight casks 
until required. 

It enters into the composition of glass, which it rendrrs less 
liable to attract moisture, and less brittle than it would other- < 
wise be. 

It is empioyefl in llie manufacture of glue, to pnHcut its 
becoming flexible by the absorption of moisture. It is ulso 
used by the tanner to facilitate the removal of the butr from 
skins. 

Lime is used in refining sugar; it absorbs the acid which 
would prevent the sugar from perfectly crystalliiing. 

Strong lime-water may be advantageously employed to 
cleanse feathers from their animal oil, and render them fit for 
use. They should be steeped in it for some days. 

Acids dissolve pure lime without efl'ervescence. but heat is 
evolved during the solution. Water impregnated with carbonic, 
acid, will dissolve a much larger quantity of it than before; 
and when deprived of this acid by exposure to the air, tUv 
lime it held in solution is precipitated. Hence the formation 
of stalactites and incrustations found in caverns. 

The crystals of the solutions of lime in acids fonn what arc 
called spars. The beautiful spar called floor spar, or Derby¬ 
shire spar, is a fluate of lime, that is, a combination of lime 
and tbe fluoric acid. 

Combined with muriatic acid, large qtiantities of lime are 
held in solution by the water# of the ocean. 

Combined with sulphuric acid, lime forms gypsum; gy^um, 
when calcined by a moderate heat, is called plaster of Paris, 
which is of great utility to the marble-mason, for cementing and 
bedding stones; to the plasterer, for the ornamental parts of 
oetiinga, as well as an ingredient in the finest mortar; and to 
the modeller, for multiprying busts, &c. Gypsum contains 
30 putts of sulphuric acid, 32 earth, and 38 water. 

Combined with phosphoric acid, lime forms the solid parts 
of tlm bones of all animats. 

Tbe boat test to discover tbe pretence of lime in any solution, 
it 03^10 ucid, which forios with it an insoluble precipitute. 
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The shells of testaceous animals consist chiefly of carbonate 
of lime cemented by a small portion of animal glue, while those 
uf crustaceous animals always contain more or less of phosphate 
of lime, which approximates them to the nature of bone. 

liariftes. 

Barytes is of a grayish colour; it has a more caustic taste 
than lime, but has no smell; it changes the vegetable blues to 
green; forms a soap with oils, and combines with sulphur like 
tlie fixed alkalies. Us spcciiio gravity is 4. When recently 
piepared, it absorbs water like lime, but more violently, 
^Boiling water will dissolve half its weigiit of barytes, part of 
winch will crystiillue as the solution cools. The crystals are 
transparent and colourless. Cold water holds only one-twenty- 
fiflh of barytes in solution. 

Barytes has been decomposed by Sir II. Davy, who sepa¬ 
rated from it a peculiar metal which he called barium. Barium 
has the colour of silver, and sinks, if dropped into sulphuric 
acid; hut like the bases of all the other eartlis whicli have 
been decomposed, it is obtained in too small nuantilies, and 
preserved in its metallic state with too much dimculty, to have 
Us properties distinctly ascertained. 

Barytes is generally found combined either with the sul¬ 
phuric or carbonic acid; its sulphate is the most plentiful, 
being fiequeiuly met with in England, and generalfy it is 
common in copper mines; it was formerly called ^nderous 
spar; the pure earth may be obtained from it in the following 
manner: rulverize the sulphate of barytes, and calcine it in 
a crucible with one-eighth part of powdered charcoal; the 
crucible must be kept at a wliite heat for an hour, after which 
its c 'ntents must be thrown into water. Tbe water acquires 
a yellow colour, and emits the smell of sulphuretted hydrogen; 
it must then be filtered, and muriatic acia poured in. A pre¬ 
cipitate is obtained, which must be separated by filtration. 
The water which passes through tlie Alter, holds muriate of 
barytes in solution. By adding carbonate of potass to the 
solution, the barytes is thrown down in combination with car¬ 
bonic acid, which may be separated by a strong heat; or more 
easily by pouring nitric acid upon it, and then expelling the 
nitric acid by a gentle heat. 

Barytic-water, like lime-water, absorbs carbonic acid from 
the air, until the whole of the earth is converted into carbonate 
and precipitated. This earth, and most of its salts, as well 
as its solution in water, are strong poisons, unless the quantity 
taken be extremely small. 







Harytes has a greater aihiiity for sulphuric acid, even than 
the pure alkalies; it will therefore decompose sulphate of 
potass or sulphate of soda. Muriate of barytes is one of the 
best tests of the presence of sulphuric acid. This salt is like¬ 
wise used in medicine for scrofulous complaints, though it is 
a hazardous remedy. 

Barytes is distinguished from all the other earths by its 
being precipitated by muriate of potass, and by its giving a 
yellow tinge to flame. 

It supplies an unchangeable and excellent white for puuuinu 
in water-colours. This white is sold under the iianiu of 
** Hume's permanent white," and possesses the peculiar luK.ul¬ 
lage of being mixed vviUi other colours without allirinu 
theoi. ^ 


.S7row#iV/«. 

The mineral from which this earth was first obtained, i.h 
found at the lead-mine of Strontiun in Ariryleslure, Tlii^ 
mineral is the carbonate of strontian; in this state, or coui- 
biiied with other acids, particularly the sulphuric, stiuiitian 
has been found in various oUier parts: its snlnhate is found in 
Pennsylvania, and in the neighbourhood of Pans. 

Pure strontian is of a grayish white colour; its taste l^ 
pungent and acrid, but less so than barytes. It dissolves m 
loo parts of cold water, and its solution is not poi.soiunis, 
boiling water dissolves it in much greater quantity, and the 
solution in cooling affords transparent crystals. It gives a 
purple tinge to flame, unless moisture be present, when the 
flame is a carmine red. Its specific gravity is 3.4. 

Strontian changes vegetable blues to green; and when water 
IS thrown upon it, it gives out heat like lime, and falls to 
powder. This earth has not been applied to any use, except 
in medictnci Dr. Pearson has prescribed it to correct acidity, 
instead of magnesia; it is not so liable as magnesia to act as 
an aperient. 

Sir 11. Davy bus proved this earth to be a metallic oxide, as 
it yields oxygen when submitted to the means for decomposing 
the fixed alkalies. Its metallic base he has called $trotUium ; 
it bes nearly the same properties as that of barytes. 

Pure strontian may be obtained by exposing the carbonate, 
mixed with charcoal powder, to a strong heat; or by powder¬ 
ing the carbonate, tiien «id}ssolving it in nitric acid, and 
llecompoiiog the nitrate by beat. 
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OF STONES OR FOSSILS. 

The whole of the rocks, stones, and mould, which form so 
large a portion of our globe, so far as they have yet been 
«;.\ainineci, appear, as before observed, to have for their bases 
one or more of the nine preceding earths, in different states of 
i onibination. To the eye, and in properties apparent to the 
senses, the variety which surrounds us seems infinite; wc 
know very little of the processes which nature has employed 
to produce this variety; but the more skilful we become in 
^chemical analysis, the more clearly we perceive that the ele¬ 
ments of all things are few in number. We shall particularize 
the leading varieties of fossils. 


Aluminous Fossils. 

Aluminous or argillaceous stones are very abundant; with 
some rare exceptions, they are all soft enough to be cut with 
a knilV, and they do not, like aluminous earths, fall to powder 
by mere immersion in water. 

Corundum. 

C!orundwm, or adamantine spar, is brought from China and 
the East Indies. Its specific gravity is from 3.9 to 4.1. Its 
hardness is so great, that it cuts glass as easily as the diamond, 
and marks rock crystal; it is even sometimes used for polish¬ 
ing the diamond, and frequently for cutting and polishing other 
gems, instead of diamond dust. The Chinese corundum is 
gray, the Indian white; neither is transparent. A specimen 
of this stone, aiialyv-ed by Chenevix, yielded 8().50 parts of 
aUimine, 5.25 of silver, 6.50 of iron. 

The various stones known under the name of ruby, sapjihire, 
&c. ore nearly of the same nature as the corundum; they consist 
chiefly of alumtne, and are sometimes considered only as varie¬ 
ties of the corundum. Their greater or less excellence of colour, 
and their being more or lesshomogeneous and hard, occasions 
the important differences in the value put upon them. 

Hornslonet or Hornblende. 

llorustone, or horublendo, has a close grain, goncraliy a 
stiiated or lamellalcd texture, and a black or greenish gray 
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colour. It is pulverized with difficulty, not from its hardness, 
w'hich is not such as to prevent its being cut with a knife, but 
from a certain tenacity, which admits of its being Battened in 
some degree under the hammer like horn, and from this pro¬ 
perty it derives its name. The specific gravity of difi’erent 
specimens varies from to 3.8b. When breathed upon, or 
moistened with hot water, it has a strong earthy smell, and is 
partially soluble in acids. It may be msed into glass by an 
intense heat. The black hornblende is sometimes so soft as 
to be scratched with the nail. 

A specimen of this stone, analyzed by Kirvvan, cunsistf'd of 
silex 37, aiutnine ‘22, carbonate of magnesia Ki, carbonate of 
lime 2, and oxide of iron “23. 

Rocks consisting principally of hornblende aud black iron 
clay, are called by Werner trap-rocks, of vvlncli be dis¬ 
tinguishes several species: por[)hjry is one of them, it encloses 
crystals of quartz, feld.spar, &c. mibeddeil in liornstone or stnue 
other matrix; when clay i.s llu matrix, the porphyry is con¬ 
sidered as of more recent formation than the other. 

UamUti. 

This fossil is commonly found in forms which coustituiu 
one of the most wonderful phenonu na of nature. The giant’s 
causeway in Ireland, which consists of basaltes, is an im¬ 
mense aggregation of columns, for the most part hexagonal. 
These columns are composed of short masses which fit each 
other with the greatest nicety. The surfaces are not Hat, 
but one convex and the other concave. They are sometimes 
united by a strong cement, but even when this is not the ease, 
the exactness with which they fit each other is such that 
water cannot penetrate at the juncture. The basaltic pheno¬ 
mena of the Hebrides are on a still j»Tander scale than those 
of Ireland. The columns are of all heights up to two hundred 
and fifty feet. 

Basaltes is generally of a dark gray, or deep greenish black 
colour, and a ferruginous appearance externally. I)r. Kennedy 
obtained from the basaltes of HtaHu, silex 48. aluminc Ki, 
oxide of iron 16, lime 9, soda 4, muriatic acid 1, water and 
volatile parts 6. In some specimens the proportion of alumiue 
is greater. 

Basaltes may be fused into a black glass, which is opake. 
and extremely light. Equal parts of basaltes, soda, and sand, 
furnished Chaptal with a glass of an olive green, which united 
solidity and lightness. Ine hardest basaltes should be used, 
but it IS not managed without difficulty. 
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Mica, 

Mica has a shining appearance, a scaly texture, a slight 
degree of elasticity, and is soft to the touch, but not greasy, 
which distinguishes it from talc. Its specific grarity is from 
2.0 to 3.0. 

Mica is sometimes found colourless, but it is generally either 
white or yellow, though sometimes greenish, red, brown, or 
of other colours. Colourless mica is infusible, but the 
coloured may be fused. 

Colourless mica afiorded Kirwan 28 parts of alumine, 3^ 
•silcx. 20 magnesia, 14 oxide of iron. 

\N lute ami yellt>w mica arc reduced to powder, and sold 
nnd< r the name of gold and silver sand, which is used for 
diving writing ink. 

Mica is generally mixed with feldspar, quartz, and schorl, 
and generally forms a part of primitive rocKs. 

Schistus. 

This is i general name for all stones which can be split into 
plates or laminait, but more particularly the argillaceous stones 
aubwering to this description. It therefore includes slates, 
hom and flag-stone. 

.Slate is distinguished by the very thin plates into which it 
may be divided, and which property renders it valuable for 
tablets and as a roofing material; it will receive a smooth 
surface, and some specimens take a slight polish; it is of vari¬ 
ous colours, but generally of different shades of blue; alumine, 
silex, carbonate of magnesia, lime, and iron, enter into its com¬ 
position, in various proportions in different specimens. The 
stones used as hones or whet-stones, though so different in 
their qualities for the use to which they are ap[)lied, differ not 
much from slate in their chemical composition. 

Flagstone consists chiefly of clay and silex, tinged with the 
yellow or red oxide of iron. 

All the Bchisti are permeable to water. 

ZeoHtes. 

The stones called zeolites, are generally of a semi-trans¬ 
parent white, but from metallic admixtures, they assume all 
colours. They are distinguished in part by the properly of 
forming a jeu|^ with acids. Their specific gravity is from 
2.1 to 3.15. 'Ihey may be fused w’ith carbonate of soda, and, 
though not 80 easily, with borate of soda. Pelletier obtained 
from the white zeolite of Ferroe, 60 parts of silex, 20 alumine, 
B lime, and 22 water. 
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Sfl.ICEOVS F<»SSILS. 

Siliceous Cossils strike fire with steel; ami they are gem rully 
suscc^ptihle ofu fine polish; a great number of gems belong 
to this class. 


Quarts, or Rock Crystal. 

Quartz, or rook c rystal, is extremely abumlant; it c'onsisls 
almost entirely of stlex ; this fossil, hen coloured, is calf <1 
attartz; but when perfectly clear, it is called nnk cn^shil. 
Kock crystal afl'onletl Hergnian it.'! parts sik.v, ulumine b, and 
bine 1. Its specific gravity is about 2,(». 

Quartz is coloured by a very small metallic admixture ; the 
most usual colours arc red, yellow, green, viokt, and him ; 
coloured tjuartz forms false gems, which are dt'|>rived of tlieii 
colours by heat. 

A species of stone called elaitic (juartz, is found in the dia¬ 
mond mines of the llrazals. It is composed of fiat, lmigi>.h 
scales, all interv'oven in one direction, and perfectly jicllucni. 
It has nearly the appearance of Turkey-hone, but contuwih as 
much aile.v as common quartz, and easily cuts glass. 

Jelihpar. 

This stone exists alone or with (quartz, in many combina¬ 
tions; it has been also called scint if fating spar, fusibfe spar, 
and rhombic quarts. Us texture, though close, is lamellalt.d, 
and it breaks like spar. Its .specific gravity is IVom 2,4 to 2.b, 
and though not so hard as quartz, it is hard enough to giv«* 
fire with steel. It is generally opake, and its most common 
colours are white, red, yellow, brown, green, and violet. Tin- 
figure of its crystals is generally irregular, but often rhombic, 
cubic, or parallelopipedal. The crystals decrejiitate in ihc 
fire, and may be fused into whitish glass. It never constituti 
veins or strata, but is found in.sand or clay, or imbedded in 
granite and other stones. 

One hundred parts of the white feldspar contain about (>7 
of siteX, 14 of alumine, 11 of bafytes, and H of magnesia. 

Ffiats. 

Comtnon flint is in general use for striking fire with steel, 
and is therefore well known; it varies in colour from a light 
b|owti almost to black; it is serai-traiiKparent at the edges, or 
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wlu re very thin. Its specific gravity is It is commonly 

found in nodules in beds of chalk and sand. By Icng expo¬ 
sure to the atmosphere it is decomposed. It contains 80 per 
cent, of silex, 18 of alumine, and 2 of lime. 

Petrosih’.v or chert, difi'ers from common flint principally in 
being less'hard, in having a coarser texture, and in beif*g found 
in large masses. It occurs most frequently in beds of lime¬ 
stone. It is made into grindstones for pulverizing hard sub- 
siance.s. It becomes white in the fire like common flint; but 
It may be fused alone, which common flint cannot. 

Jtiyju'r is a general name for flint.s which arc opake, and the 
l< xlure of which reseinhles dry clay. They are f)und of a 
great variety of colours, and are often very hard. Tliey are 
fiiMble with borax more readily than other flints. Alone, fire 
only hardeps them. 'I hey generally eontain from .’A) to 60 
per cent, of silex. 

Small roundish flints, united by any kind of cement, are 
tialletl puddtn^-slones: but when ifie flints are angular, the 
htoiu* IS called f>irccio<i. Of the coarsest stones of this descrip- 
tuui, are made the slone.s for grinding gram. 


Agates. 

Agates are a finer kind of flint, and there are many varietie.s 
of them. They ail resist the file, ami take a beautiful polish. 

The stone distinguished simply hy the name of agate, has a 
vitreous appearance, and is .semi-transparent. The purest is 
^^hite, but various shades of yellow and other colours distin¬ 
guish its varieties; besides.the distinctions occasioned by 
clouds, spots, and the appearance of vegetation. The specific 
gravity of agates is about 2.64. 

The opal is one of the most beautiful of the agates; it is 
semi-transparent, and of a milky whiteness ; but it changes its 
colour, and appears blue, red, or green, according to the posi¬ 
tion in which it is held. 

The chalccdoui/ is of a milky whiteness, like the opal, from 
which it differs only in not possessing the changeableness of 
colour. It has been fouml in the mines of Cornwall, in beau¬ 
tiful stalactites. It contains generally about 84 per cent, of 
silex. 

The carnclion is an agate nearly transparent, of different 
shades of brownish red or flesh colour. Us specific gravity is 
about 2.6. The yellowish red or orange carnelions are the 
hardest and most esteemed. Ignitif»n deprives this stone of 
its colour and transparency. 

46.—Voi.. U. 3N 
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The gurnet, when traaspareul, is reckoned atnonj^ the ‘reinS. 
Its colour is usually bluish or yellowish red \ its texture Inuitd- 
lated. it is harder than rock crystal, its speciHc {;ravity i» 
from 3.6 to 4.188. Achartl obtained fmm lOO parts of it, silex 
48.3, alumine 30, lime 11.6, iron 10. 

I^pis ImzuH. 

Lapis lazuli is entirely opake; of a fine blue colour, some¬ 
times mixed with white, yellow, and streaks and specks id 
tliflereni colours; the yellow arises from the adnuxture of 
pyrites. It has a fine texture, and takes an excellent polisli 
It is hard enounh to •'cratch glass, it.s specific gravity is *i.7. 
By a strong fire it may he fused without addition mtn .» 
wfiitisii gla^s. Accortiiiig to Klaproth, it (contains of sil< \ 
46 parts, aiumtne 14.6, carbonate of Imie ‘28, sulphate of Imir 
6.6, oxide of iron 3, water 2. It is fiom tlu.s stone that idtia- 
Euaiinc, the most beautiful of nil blues for patnling, is pi»- 
pared. 

•SVAoi/. 

Schorl has a sparry or semi-vitiified appearance, and fil l 
mentous texture; it is fusible at a moderate heal; its specilie 
gravity is generally from 3 to 3.6, but wheti containing mue.li 
iron, it is 4. In hardness it sometimes equals eryslal. It 
exhibits great variety of colour and form, and is found both 
transparent and opaki. 

Transparent Scnorl is always crystallized in some polygo¬ 
nal form; its colours are red, reddish brown, greenish, yel¬ 
lowish brown, or violet. 

Opake schorl is often soft enough to be cut with a knifi-; 
it is met with of all colours, but generally either white, black, 
green, or violet; the filaments are conjoined and parallel, or 
diverge as from a common centre. 

Schorl loses its colour in the fire, and one-thirtieth of its 
weight; it first becomes of a grayish white, but a stronger 
heat converts the violet into a black enamel; the white forms 
a white enamel. 

The white schorl of the Pyrenean mountains afforded Chan- 
tal, of silex 55 parts, alumine 22. magnesia 13, lime 7. In 
othOC.fi||ecimens, the quantity of silex is rather more, and that 
of *^d* P** * much less. 

Granite. 

Granite consists of feldspar, quartz, and mica, with slight 
admUtnres of other stones, particularly schorl and hornblende. 
The feldspar is the predominating substance, and it is chiefly 
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to its diilerence of colour, lliat the colour of the granite is 
owiu'j^. Tl)e proportion of mica is generally inconsiderable. 
The granite consisting of quartz, feldspar, and mica, is the 
hardest, and is supposed to be the oldest. 

Tlie red granites consist commonly of white quartz, red feld¬ 
spar. and gray mica. The gray granite, of white quartz, gray 
or violet feldspar, and black mica. Black granites commonly 
contain schorl instead of feldspar, and the green is produced 
bv green rpiartz. Granite is the most abundant fossil of the 
globe. 


Magnesian Fossils. 

The fossils which derive their character from magnesia, 
tloHigli they do nut all contain a great jiroportion of this earth, 
a«c tlislinguished by their being grea.sy to the touch ; and titey 
h.uo neither the hardness nor infusibility of siliceous fossils. 

Tak. 

'I'ulc iias a laminated texture, and a metallic lustre; it is of 
a uhite, gray, yellow, or greenish colour; it is soft and soapy 
tn the touch, which distinguishes it from mica; in t!»in leaves 
i! IS transparent. It may easily be scratched with the nail. 
Us specific gravity is *2.7. 

.Muscovy talc is obtained in large leaves, which are elastic 
.111(1 flexible. In tlu* quarries of Vitim, in Siberia, talc has 
hi en raised in plates of eight feet square. 

In the fire, talc becomes more brittle and whiter; but it is 
infusible by the blow-pipe, and can scarcely be fused by the 
addition of alkali. The borate of soda, and the phosphate of 
mine, fu.se it with a slight efl’ervescence. 

Talc contains generally about 50 parts of silex, 44 magnesia, 
.Old (i of alumine. 


Steatites. 

Steatites, or soap-rock, is generally of a greenish colour, 
greasy to the touon, and easUy scraped wiUi the nail. Its 
bpecific gravity is from 2.4 to 2.7. 

Stf alites becomes harder and whiter in the fire, and in iU 
hardened slate will take as fine a polish as the agate. It is 
not fiLsible alone, but may be fused by the addition of borate 
of soda. A specimen of steatites from Cornwall afforded 
Klaproth, of silex 48 parts, magnesia 20.5, alumine 14, oxide 
of iron 1, water 15.5. 
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Serpetitjine. 

Different specimens of serpentine vary considerably from 
each other. In texture, it is either compact, granulated, scaly, 
lameliated,or fibrous; and in colour, white, green, brown, red, 
yellow, lightd>lue, black, and often streaked or* spotted with 
different colours. It is distinguished from steatites by its 
greater hardness; its taking an excellent.polish, and its being, 
less greasy to the touch. Its specific gravity is frdm 2.4 to 
2.65. In thin pieces, it is sometimes semi-transparent. It 
melts in a violent heat, but is hardened by a less degree of 
heat than is required for its fusion. 

A serpentine analyzed by Knock, afforded of silex 45 part.s, 
magnesia 33, magnetic iron 14, carbonate of lime 6.25, alumine 
25, with a little muriate of magnesia and water. Sometimes 
this stone contains no alumine. 

Asbestos. 

Asbestos has a fibrous texture, and is slightly ffe.vible ; its 
colour is usually greenish, and U is rough to the touch. Its 
specific gravity is from 2.5 to 2.8. Fire renders it whiter and 
more brittle, but it does not enter into fusion l>y the blow¬ 
pipe, though it shews some symptoms of it; when mixed with 
iron, which it frequently is, it melts into a semi-transparent 
glass. Bergman found different specimens of asbestos to 
contain from 53 to 74 parts silex, from 12 to 28 of carbonate of 
magnesia, from 7 to 14 of carbonate of lime, from 2 to 6 of 
alumine, and from 1 to 10 of iron.* 

The amkmt^m and mountaiu cork differ but little from as¬ 
bestos. The fibres of amianthus are softer, longer, and more 
flexible, and more easily separated than those of asbestos. 
The fibres are sometimes eight inches long. Amianthus con¬ 
tains less silex than asbeiilos, and sometimes contains ^bout 
6 per cept, of sulphate of barytes. It is more fusible, but 
less acted upon by acids than asbestos; it is sometimes called 
mountain Jiax. 

Mountain cork receives its name from its having some re¬ 
semblance to cork ; it is of a white, yellowish gray, or brown 
celourt without lustre or transparency, Its specific gravity is 
from 0-68 to 0.99. It contains of silex 56 parts, carbonate 
of m£|gnesia 26, alumine 2, carbonate of lime 13,^ and oxide 
of.iron 3. 
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Calcareous Fossils. 

Calcareous fossils are generally harder than the magnesian, 
but not so hard as the siliceous ; none of them strike fire with 
steel; some of them imbibe water, and crumble; by exposure 
to frost: Olivers become harder by the same exposure; when 
crystallized, in combination with carbonic acid, they generally 
possess the property of double refraction, that is, objects seen 
through ihem^ as the printing of a book, appear double. 

Crystaliized calcareous Stones. — (Carbonates.) 

Calcareous spars are soft, laminated, and distinguished from 
other spars by their effervescence with acids. Their figures 
are various, but in general they are rhomboidal, or approach 
nearly to that form : they sometimes present a pyramidicai 
forni, and are then called dogtooth spars. Some are Irans- 
])arent, others opake; and both these classes are found co¬ 
loured and colourless. Their specific gravity is about 2.7. 
They contain from 30 to 36 parts of carbonic acid, and from 
53 to 55 of lime; the rest is water. 

Crystallized carbonates form but a very small proportion of 
the calcareous matter of the globe. 

Marble. 

Calcareous stones which take a fine polish, and have one or 
more agreeable colours, are called marble. White marble is 
the purest; it consists almost entirely of carbonate of Irinc. 
The colouring principle of marbles is generally iron 'l lie car¬ 
bonate of lime, when of a dull colour, is called limestone. 

Limestone is the most abundant of “the calcareous stones; 
its strata are often immensely extensive. 

Stalactites, 

Stalactites, or petrifactions, are deposited by water, ellar^ed 
with calcareous ^tter in a stite of miniite division.' rfliey are 
very coihmdnly pendent' from the roofs of 'caverns in liftiestone 
countries. Tney are generally coloured by iron, and as they 
are formed by layers applied externally, if cut in a direction 
perpendicular to the layers, they exhibit rings of different 
shades, according to the matters which the water held in 
solution when each layer was deposited. Their specific gravity 
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is 2.7. They contain generally about 64 parts of lime, 34 car¬ 
bonic acid, and 2 of water. 

The calcareous depositions on the floors of caverns, are 
called stalagmites. 

Gypsum. 

Gypsum, alabaster, selenite, plaster-stone, or, as it is now 
called, sulphate of lime, fnrms very extensive strata, Ip many 
parts of the world. Its specific gravity is 2.3. It consists of 
32 parts of lime, 46 sulphuric acid, and 22 of water. It loses 
about 20 per cent, by calcination. The whitest gypsum is the 
purest, and the most esteemed. When coloured, it is generally 
owing to the presence of iron. Gypsum exhibits a semi-crys¬ 
tallized appearance, almost like stalactites. 

Fluor Spar. 

Fluor spar, or fluate of lime,exhibits, like other crystallized 
stones of the calcareous kind, a lamellated texture, but it has 
not like them the property of double refraction. Its colours 
are exceedingly varied, and in general beautiful, and it re¬ 
ceives a high polish. Its specific gravity is 3.1. It contains, 
according to Scheele, of lime 67 parts, fluoric acid 16, and 
water 27. 


Volcanic Productions. 

The productions of volcanoes are comprehended under the 
general name of lavas, which are by no means uniform in their 
appearance or composition. Lava has in general a dark and 
almost black colour, with a semi-vitreous or glistening frac¬ 
ture. It is porous, light, easily broken, and mostly attract¬ 
able by the magnet. It may be fused into glass without 
much difficultly. 

One of the volcanic products best known, is called pumice- 
stoiie. It is of a light gray colour; its fracture exhibits a fila¬ 
mentous appearance, and a silky lustre. It is generally used 
,for giving a smooth surface to metals, but it is said to furnish 
an excellent glaze for pottery. 

The pumice-stone of Lipari afforded Klaproth, of silex 77.6 
parts, alumine 17.6, oxide of iron with a little manganese 1.76, 
•oda and potass 3. 
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OF SALTS. 


The compound formed by the combination of an acid with 
an alkali, an earth, or a metallic oxide, is called a nalt. 

The term neutral tail was formerly given to all combinations 
of acids and alkalies, but the epithet neutral is now restricted 
to those salts in which the acid and the alkali completely 
saturate each other, and in which therefore the peculiar pro¬ 
perties of neither can be detected. 

When a salt contains an excess of acid, its state is indicated 
by the addition of the W’ord super; and sometimes by the term 
acidulous ; but the latter mode of denoting the distinction, is 
yielding to the former. 

When the salt contains an excess of alkali, the preposition 
sub is prefixed to its name, or the epithet alkalinous; but the 
first-mentioned addition is the most general and appropriate. 

The base or radical of a salt, is the alkali, the earth, or me¬ 
tallic oxide, which is combined with the acid. 

Agreeably to the principles adopted in framing the new 
chemical nomenclature, every salt receives*a compound name, 
denoting its base, and the acid which enters into its composi¬ 
tion. Thus the chemical name of common salt is muriate of 
soda, as it is a combination of the muriatic acid and soda. 
Saltpetre is called nitrate of potass, because it is a combination 
of potass and nitric acid. Glauber's salt is called sulphate of 
soda, as it is a combination of soda with the sulphuric acid; 
and the salts formed by all the other acids, are reduced to the 
same form of expression. 

When an acid is combined with two bases, the compound 
is called a triple salt, and both the bases are expressed, thus 
we have the tartrate of potass and soda. A single base com¬ 
bined with two acids, is denoted with equal precision; thus 
we have the nitro-muriate of tin. 

When the epithet which distinguishes the acid of a salt, 
terminates in ate, it signifies that the epithet of the acid itself 
terminates in ic; thus the*^sulphuric acid forms sulphates: 
when the epithet of the salt terminates in ite, that of the acid 
itself terminates in ous ; thus the sulphurous acid forms sul¬ 
phites. Most of the salts ending in ous, attract oxygen from 
the atmosphere, and are converted into the former kind. 

The salts form a very numerous class of bodies. Fourcroy 
reckons that there are 134 species, and the number belonging 
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to each species is often constderabie. There can scarcely be 
less than 2000 distinct salts; but we shall only notice some 
of the most useful. 


Sulphates. 

The sulphates are in ^neral crystallizable* have some taste, 
but no smell; are precipitated by solution of barytes, and 
a6Pord sulphurets when heated reo-hot with charcoal. They 
are numerous, as the sulphuric acid combines with all the 
alkalies, and nearly all the earths and metallic oxides. 

Sulphate of Alumiue. 

Sulphate of alumine, is formed by dissolving alumine in sul¬ 
phuric acid. It has an astringent taste, is very soluble in 
water, and crystallizes in thin plates, which have very little 
consistence. It generally contains an excess of acid. 

We should have omitted the mention of this salt, but to 
distinguish it from the following one, to which the same name 
is apt to be given. 

Sulphate of Alumine and Potass^ or Ammonia. 

This salt is the common alum of commerce. It has an aus¬ 
tere, sweetish, astringent taste, and always reddens tincture of 
litmus. Seventy-five parts of boiling water dissolve 100 of 
alum, at the temperature of it is soluble in from 10 to 15 
times its weight of cold water, the purest alum having the 
least degree of solubili^. Its'^crystals are large. By exposure 
to the air it alightly effloresces. Its specific gravity is f .7. 

According to Vanquelin, alum contains of alumine 10.50, 
sulphuric acid 30.52, potass 10.40, water 48.58. 

Two kinds of alum are found in commerce, the common 
and roch-alum. The latter has a reddish tinge, from an ad¬ 
mixture of rose-coloured earth; it is also the most esteemed, 
and sold at the greatest price, though the cause of its supe¬ 
riority is not well known. 

The uses of alum are very e^ltensive. la dyeing it is of 
considerable importance for fixing several vegetable colot^. 
It is Ufi^d in the tanning of leather, to give firmness to skins, 
afteX^ibey have been in the lime-pits; and in the manufacture 
of to give consistence to the tallow. The blocks used 

by the calico-printers are rubbed with burnt alum, to remote 
any ^easiness which might prevent the colour from adhering. 
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Alum is also used in the manufacture of writing papers, to 
make the paper bear ink better. 

Alum is prepared in France by the artificial combination of 
its component parts; but in Great prilain it is obtained from 
a kind of slate caHed aium-siale, which ts plentiful on the 
north-^ast coast of Yorkshire, and near Glasgow; about 100 
tons of the slate only afford 10 tons of alum. 

Ammonia will contiibute to the formation of alum as well 
as potass. 

* Sulphate of Soda. 

The sulphate of soda has a strongly saline and bitter taste; 
its crystals are transparent, but they efiioresce and fall into a 
white powder in the air; it is soluble in rather less than three 
times Its weight of water at the temperature of 60^, and in 
/‘jths of its weight of boiling water, it is principally used in 
medicine, as a purgative, under the name of Glauber’s salts. 
According to Kirwan, it contains of acid 22 parts, soda 17, 
water 61. 

Green Sulphate of Iron. 

Tliis salt is the copperas or green vitriol of commerce. Its 
crystals are of a beautiful light green; it has a sharp astringent 
taste, and is poisonous. It is soluble in six times its weight 
of water at the temperature of 60®, and in three-fourths of its 
weight of boiling water. It is insoluble in alcohol. Accord¬ 
ing to Bergman it contains of acid 39 parts, green oxide of 
iron 23, and water 38. It is efflorescent. 

Green sulphate of iron is obtained by the decomposition of 
pyrites or native sulphuret of iron; and this decoi^osition is 
ejected by simple exposure to air and moisture. This salt is 
much used in dyeing blacks; in preparing writing ink; and by- 
bookbinders for staining black tne skins which have been tan¬ 
ned with oak bark. 

Red Sulphate of Iron. 

If nitric acid be distilled off the green sulphate of iron, 
or the solution of this salt be exposed to the air, the red sul¬ 
phate <f iron is obtained. It is deliquescent, incrystallizable, 
and^soluble m aleohol. Proust observes that it alone forms 
Prussian blue pnussic acid, and strikes a black colour 
with gallic acid^ ,and therefore^ when these effects are at¬ 
tained by operating with the green sulphate, the latter salt 
has derived from atmosphere, or some other source, the 
additional quantity of oxygen necessary to convert its iron to 
the state of red oxide. 

46.— VoL. II. 3 O 
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Sulphate of Copper, 

The crystals of this salt, which was formerly called blue 
vitriol, are a fine deep blue. It has a streiig styptic taste; is 
soluble in four times its weight of water, and effloresces in 
the air. Its specific gravity is 2.2. it is generally obtained 
by evaporating the waters of copper-mines. 

The sulphate of copper is employed as a caustic, to remove 
the flesh of fungous ulcers. It is dangerous to administer i^ 
internally. 


Sulphites. 

Sulphites have a disagreeable, sulphurous taste. If ex¬ 
posed to tlie fire, they yield sulphur, and are converted into 
sulphates, and even by mere exposure to the atmosphere, the 
same change is produced. They are also decomposed by the 
nitric, muriatic, and other acids which do not affect sulphates. 
They are mostly formed artificially. 

The principal sulphites are those of potass, soda, ammonia, 
alumine, magnesia, and barytes; none of these have been 
applied to purposea of any importance. 

Nitrates. 

The nitrates are soluble in water, and crystallizable; they 
deflagrate violently when heated to redness with charcoal, or 
other combustibles; sulphuric acid disengages from them a 
white vapour of nitric acid. By heat they are decomposed, 
and yield at first a considerable quantity of oxygen gas. 

Nitrate of Potass, 

Nitrate of potass, saltpetre, or nitre, is the best known and 
inost important of all the nitrates. Its taste is sharp, bitterish, 
and coolii^. It is very brittle. Its specific gravity is 1.9. 
It is foluble in seven times its weight of cold water, and in 
rathf^r less than its weight of boiling water. When mixed 
Wi^ one-third of its weight of charcoal, and thrown into a 
red-fipt crucible, or when charcoal is thi’own' upon red-hot 
nitire, tlie combustion that ensueil is OxCecdifigiy vivid and 
b^util^nl* T'bc residuum is carbonate'df potass.^ The com- 
bastioo is still more violent. When phosphorus is uSed in¬ 
stead of charcoal. 
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According to Ktrwan, nitre contains ol' acid 41.2 parts, pot¬ 
ass 46.15, water 12.65. All the nitric acid employed in the 
arts, is furnished by the decomposition of this salt. The sul¬ 
phuric acid is employed tc eSect the decomposition. Con¬ 
siderable quantities of nitre are also used in obtaining sul¬ 
phuric acid, as it supplies the oxygen for the combustion of 
sulphur in close chambers. The manufacture of gunpowder 
also requires an immense quantity. 

A considerable part of the nitrate of potass consumed in 
Europe, is furnished by the East Indies, where the soil, being 
impregnated with it, yields it by lixiviation.and evaporation. 
At Apulia near Naples, also, there is a natural nitre-bed, in 
which the earth contains 40 per cent, of nitre. In Germany, 
France, and Switzerland, artihcial nitre-beds are formed, by 
suffering animal and vegetable matters to putrefy in combina¬ 
tion with calcareous and other earths. A soil of this kind 
attracts the nitric acid from the atmosphere. Old mortar fur¬ 
nishes a very proper calcareous earth for a nitre-bed. 

Nittxtie of Soda. 

This salt was formerly called cubic nitre, from its crystalliz¬ 
ing in rhombs. It is somewhat more bitter than the nitrate 
of potass, rather more soluble in cold water, but much less 
soluble in hot water. It is not of any important use, though 
Proust observes, that when made into gunpowder, it burns 
longer than common nitre, and might therefore be economi¬ 
cally adopted for fire-works. 

Nitrate of Ammonia. 

Nitrate of ammonia has a sharp, acrid, and somewhat urin¬ 
ous taste} it deliquesces in the air, and is soluble in about 
half its weight of boiling water. The only use made of it is to 
furnish nitrous oxide. 


Musiates. 

Though the muriates are the most volatile of all salts, they 
are at the same time the least decomposable; they may be 
melted and volatilized without undergoing decomposition. 
They effervesce with sulphuric acid, and white acrid fumes of 
muriatic acid are disengaged; when acted upon by nitric 
acid, oxymuriatic gas is disengaged. 
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Muriate rf.Soda. 

Murtale of soda, or eommon ia too wait known to re* 
qtiife aoy clMeriptaoii^ li is tk« only sobstaiics to which the 
term saH mm formerly aji^lted. ^eaides the ImmeDae quan¬ 
tities of H held in solotioB by sSa-water, it exists in pro¬ 
digious masses in the stale of rook-salt* Im specific gravity 
is 2.12; and it is soluble in raiber less tlian three times its 
weight of water. When pure, it is not affected by the air; 
but common salt is deliquescent, from the magnesia and 
other impurities which it contains. 

Muriate of soda contains of acid 44 parts, soda 60, and of 
water 6. 

Muriate of Potass. 

This salt was formerly called febrifuge salt of Sylvius, and 
regenerated sea salt. It has a disagreeable, bitter taste; its 
specific gravity is 1.8 ; it is soluble in three times its weight 
of cold water, and twice its weight of boiling water. When 
heated, it first decrepitates, then melts, and at last is volati¬ 
lized without decomposition. According to Kirwan, it con¬ 
tains of acid 36 parts, potass 46, end water 18. 

Muriate of Ammonia. 

-Muriate of ammonia, or sal ammoniac, has an acrid, urinous 
taste, an opakc white colour, and a specific gravity of 1.4. It 
dissolves in three times its weight of cold water. It con¬ 
tains, according to Kirwan, 35 parts of acid, 30 of ammonia, 
and 45 of water. • 

Muriate of ammonia is employ^ for brightening some 
colours in dyeing; also for preserving the surfaces of metals 
iVom oxidation m tinning; in medicine it forms an excellent 
diapboretio and febrifuge, and hut been advantageously ap¬ 
plied externally as a lotjoh for indolent tumora. 

Hyper-oxymuriate of Potass. 

> If a solution of potass be saturated with oxymuriatic acid 
and Uien evaporated in the dark, the %st crystals formed 
'^are those of common muriate of potass; when these are se¬ 
parated, and the Mutton allowed to eool, the crystals of hy- 
pen-oxymuriate Of potass are obtaiabd. These crystals have 
a silvery lustre, ana are insipid and enol to the taste. They 
MW soluble in 17 parts of 4tnid water, end 2^ parts of boiling 
"'water. ^ 

. ! ITie/hf per-^xymuriate mixed wfth obarcoai 

.and e^^r comliustibleB, and heated, detonates with extreme 
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violence. It also explodes when tritoratedja a mortar, or 
ivlien struck with a hammer, if a aoialt <|uaDtity of it is kid 
upon an anvil. ^ r 

This salt consists of liypsr*ox}Wiuiiattc acid 54 parts, 
potass 39, water 3. The ox^rgan is about equal to the sah 
in weight. It was called 8 ffWpl 3 f oxymuriate of potass, till 
Chenevix proved that the acid which enters into its compo¬ 
sition is in the hipest state of oxygenizement. He endea¬ 
voured to obtain this acid separately, but the retort contain¬ 
ing the salt was reduced almost to powder by a violent ex¬ 
plosion. The hyper-oxymuriatic acid has therefore never 
oeen exhibited separately. 


• Cabbonatbs 

Carbonates effervesce and yield carbonic acid, when sul¬ 
phuric or nitric acid is poured upod them; all the alkaline 
carbonates are soluble in water, while those of the earths and 
metals are nearly insoluble, unless the acid be in excess. 

Sub-carbonate of Potass. 

The potass of commerce is always in the state of a sub¬ 
carbonate ; the carbonic acid considerably weakens its alka¬ 
line properties, yet it will still change vegetable colours to 
green, and combined with oik, will form an imperfect soap. 

Sub-carbonate qf Soda. 

The soda of commerce is id the state of a sub-carbonate; 
but its eXrbonic'acid deprives it of more of its alkaline pro- 
{)erties than it does potass; for making glass it is used in the 
state of a sub-carbonate, because the heat it is exposed to, 
drives off the carbonic adid; but to form soap it must be 
rendered caustic, which is effected by quicklime. 

Carbonate of Ldme. 

Carbonic acid has the power of completely neutralizing the 
alkaline properties of lime, which it reduces to k state in which 
it is nearly tasteless. Under the name of chalk, marble, and 
limestone, we have already noticed this compound.; 


Fl. BATES. 

The fluates are not decomposed by heat, nor altered by 
combustibles; when sulphuric acid is poured upon them, they 
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yield acrid vapours of fluoric acid, which corrodes glass. 
When reduced to powder, and heated, hut not made red-hot, 
some of them become phosphorescent. 

The principal fluoric salts are, the fluates of lime, of soda, 
of potass, of ammonia, of barytes, of alumine, of silex. and of 
strontian; but this acid foitns fluates with mercury, copper, tin, 
iron, nickel, and several other metals. The whole of the flu¬ 
ates are factitious salts, except those of lime and alumine. 

Fiuate of Lime. 

m ^ 

Fiuate of lime is well known under the name of Derby¬ 
shire spar, or Blue John. It is tasteless, and nearly insoluble 
in water. It is not altered by the air. Us specific gravity 
is 3.1. When powdered, and heated upon a shovel, it emits 
a violet-coloured light, but this ceases if it be made,red-hot. 
It is fused by a strong heat, and is occasionally used as a 
flux. It exists in the enamel of the human teeth. 

Fiuate of Silex. 

The fluoric acid gas will dissolve silex, and still retain its 
aerial form, but the silex is afterwards deposited in crystals. 


' Bo&ates. 

The borates are all fusible into glass, and assist the fusion 
of other bodies, particularly metals, and metallic oxides; with 
the metallic oxides, they form glass of different colours. 

The principal salts of this class, are the sub-borate of soda, 
the borate of potass, of lime, of magnesia, and of alumine. 

Sub-borate of Soda. 

This IS the only borate of anyimportance. It is dug out 
of wells in the kingdom of Thibet, and comes to us from the 
East ladies. It is then in a state of impurity, and is called 
tmcals .when purified, it receives the name of borax. It is in 
whitish crystals^ has a styptic and alkaline taste, and converts 
vt^table blues to green. It is soluble in twenty times its 
Wmght of cold water, and six times its weight of boiling 
water. VVhen melted ipto glass, it is transparent, and still 
sotahle in water. When two pieces of borax are struck to- 
gelbef in the dark, a flash of light i#emitte6l. Its specific 
ks 1.740. It slightly efllor^sces in the air. 

to Bergman, this salt consists of 39 parts of 
17 of Boda» and 44 of water. It is much used 
as a flttX in soldering metals with the bard solders. 
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Acetates. 

The acetic salts are distinguished by their great solubility 
iu water; by the decomposition of the acid when the solu¬ 
tion is exposed to the air; by their being decomposed by 
Ijeat, and by their yielding acetic acid when mixed with sul- 
)>huric acid, and distilled. 

The principal acetates are those of potass, of soda, of am- 
nmnia, of magnesia, of barytes, of lead, and of copper. 

Acetate of Potass. 

This salt has been long known, and has been distinguished 
by almost a dozen different names : of which one was secret 
foliated earth of tartar. It has a sharp warm taste ; its crys¬ 
tals are white, and in the form of thin plates. It is soluble 
in alcohol, in ten times its weight of water, and is deliques¬ 
cent. It is used in medicine. 

Acetate of Ammonia. 

This salt tastes like a mixture of sugar and nitre. It is 
extremely volatile, and cannot be crystallized, except by an 
extremely slow evaporation. Its crystals are long and slen¬ 
der, and of a pearl-white colour. It is deliquescent. Its 
solution has been long used medicinally, under ^e name of 
spirits of Mindcrerus. 

Acetate of Lead. 

Thi-s salt is formed by the solution of the white oxide of 
lead in the acetic acid. It has a sweet, and somewhat astrin¬ 
gent taste, and is sparingly soluble in water. It becomes yel¬ 
low by exposure to the air. Like all other preparations of 
lead, it ia a strong poison; but in doses of a very few grains, 
it has been administered with evident advantage in desperate 
cases of internal hemorrhage; its solution in water is used 
externally as an embrocation. Heat decomposes it. 

Acetate of Copper. 

Acetate of copper has a disagreeable, coppery taste ; a fine 
deep green colour, some degree of unctuosity, is efflorescent, 
and is soluble in water and alcohol. It is used in dyeing 
black, and a small quantity of it in writing-ink is an improve¬ 
ment. It is also much used in painting. In chemistry it is 
distilled for the acetic acid it affords. 
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Tartrates. 

The tartrates are decomposed bv a red heat. The earthy 
tartrates are less soluble than the alhalinej but they are all ca¬ 
pable of combining with another baseband Ibrming triple salts. 

The principal tartrates are those of potass, of potass and 
soda, of potass and ammonia, of lime, of strontian. and of 
potass and antimony. 

Super-Tartrate of Potass, 

Is the cream of tartar of the shops. It has a strong, but 
not disagreeable acid taste; is soluble in thirty times its 
weight o! boiling water, and is not altered by exposure to the 
air.^ According to Bergman, it contains 23 parts of potass, 
and 77 of aciX It is used in medicine as a mild aperient. 
It is also useful in dyeing. 

Tartrate of Potass and Soda. 

This triple salt is sold by the druggists under the name of 
Rochelie salts. It has a strongly saline and bitter taste; ih 
efflorescent, and is solpble in about four times its weight of 
cold water. It is a mild cathartic. 

Tartrate of Potass and Antimony. 

The crysfals of this, triple aalt acp of a white colour, and 
transparep^ It is soluble in 60. parts Hof cold wateir. It is 
form^ by precipitating the muriate of antimony with a hot 
solution Of potass in^msUlled water. TJie precipitate being 
well washed and dried^iue drachiis are to he boiled in hve 
pounds of waterj^wiii 'tWt ounces and a half of super^tartrate 
of potass# finely powdereC Ifil the po wdeil are diasolryd. The 
sointion nmst be stained, evaporated to a pellicle, and 
left to cryatallian* to doses bf from two to four gttins. this 
isiillii b«it and mbst pbweHuI emetic linown. 

. Phospbatis. 

J|iB|i]if>i^lul^|Pl«capable of ^ are partially de« 

eftlpSilNlfty sn^ ate ph^phorescent at a h^h tern- 

ntlfie «mdr wjtthoni efiferveaceiice; and 
itoay I||^jptoMtftted ftom thffir toluftons by lime-wiler. 
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The principal phosphates are those of potass, of soda, of 
ammonia, of soda and ammonia, of lime, of alumine, and of 
magnesia. 

Phosphate of Soda. 

The phosphate of soda has nearly same ia^te as com¬ 
mon salt; It is soluble in water, and efflorescent. As a 
cathartic, it is equivalent to Glauber and Rochelle salts, and 
as its taste is much pleasanter, it has been used instead of 
those, well-known medicines. It may be administered by dis¬ 
solving it in weak broth, to which it serves as an agreeable 
seasoning. Dr. Pearson first prepared and introduced it. It 
is used in the arts as a flux instead of bora.x. 

Phosphate of Soda and Ammonia. 

This compound, which was formerly called microcomic salt, 
is much used as a fiux in assays with the blowpipe. It may 
be obtained from human urine by evaporation. 

Phosphate of Lime. 

Phosphate of lime is white, tasteless, and insoluble in water. 
As it formspthe bases of bones, it has been sometimes called 
the earth of bones. It exists in milk, and some other animal 
products, also in wheat. In Spain it has been found abun¬ 
dantly in the fossil state. 


Prussiates. 

The singular affinities of some of the prussiates render them 
interesting to the chemist; the siniple prussiates are, however, 
little regarded, because destitute of permanency, being deco-m- 
posed merely by exposure to the air, unless united with a 
metallic oxide. The prussic acid does not appear capable of 
saturating an alkali; and the weakest acid known is capable 
of decomposing the prussiates of the earths and alkalies. ^ 

The most important of the simple prussiates is that of iron ; 
and of the triple prussiates those of potass, soda, lime, and 
ammonia with iron. 


Pmssiate of Iron. 

The prussiate of iron, or prussian blue, is, according to 
Proust, a combination of the prussic acid and red oxide of iron. 
With the green oxide, the prussic acid forms a white compound, 
which, however, becomes gradually blue by exposure to the 
atmosphere, from the absorption of oxygen. It is a fine deep 
47.—VoL. II. 3 P 
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blue, and valuable as a pigment; it is insoluble in water, very 
sparingly soluble in acids, and not aHected by exposure to the 
air. It IS composed of equal parts of the acid and oxide. If 
exposed to a strong heat, the acid is destroyed, and the re¬ 
siduum is simply oxide of iron. 

If the blue prussiate of iron be deprived of part of its acid, 
by digesting it with alkalies, it becomes yellowish. 

Prussiaie of Potass and Iron, 

This compound is often called prussian alkali, or prussian 
test. The importance of it to chemists, consists in its being 
capable of indicating whether a metal be present in any solu¬ 
tion whatever, unless the metal be pLatina; and the colour of 
the precipitate differing with the metal, even the name of the 
metal may be known. It is necessary to take great care to 
have it properly prepared, otherwise it will afford false results. 
We have given Henry’s directions respecting its preparation 
at page 443. Its crystals should be preserved in a well- 
stopped bottle filled with alcohol, in which they are in¬ 
soluble. 


Of Crystallization. 

Crystals are aggregations of the particles of bodies, which 
have been spontaneously disposed in a regular form; and crystal¬ 
lization denotes the act of their formation. According to the 
strict meaning of the word, a crystal should be transparent, 
as well as symmetrical in its form; but it is now extended to 
opake substances, and regularity of form is its leading 
cnaracteristic. 

Crystallization is of two kinds, the dry and the huthid; dry 
crystallization refers to metals and other substances which can¬ 
not combine with water; the humid crystallization refers to 
fluids and gases holding solids in solution; and which never 
aflbrd crystals but what contain more or less water. 

The water combined with a crystal is called its waier <f erys- 
tallrndton. No crystals are transparent unless they contain 
wattf. The water, in thus combining with bodies, loses its 
calofia of fluidity. 

Thi^ same substance, under the same circumstanciafft 
aflbrds ciyatals of the same figure; but excepting this isircum - 
stances which modify the natural process of crystaflisafloni aU 
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the differences observed in the forms of crystals, are aitri> 
butabie to differences in the forms of the integral particles of 
the crystals. 

Crystallization cannot take place unless the particles of 
bodies be at liberty to arrange themselves according to their 
peculiar attractions. Hence it is necessary, either that they 
oe in a state of solution, or suspended in a fluid in a state of 
extremely minute division, or in fusion. It has not been 
decisively proved that mere suspension will produce such a 
regular arrangement of particles as can be called crystalliza¬ 
tion-, but admitting this to be possible, the division of the 
particles which form the crystals must be carried so far as 
scarcely to differ from solution, and the same explanation will 
apply as to solution. 

JSuppose we have a saturated solution of common salt in 
water; the particles of the salt are so completely dispersed 
through the water, and probably so far removed from each 
other, that the j)articles of the water exert a stronger attraction 
on them than they exert on each other: the solution therefore 
remains perfect; but let some of the water be evaporated; it 
is now evident that the same quantity of salt is contained in a 
less compass, the particles of the salt must have approximated 
each other, and are within the sphere of each others attrac¬ 
tion, they therefore aggregate and form crystals, until the 
solution is of the same intensity as at first. If the evaporation 
be resumed, more crystals are formed in the same manner, 
until at last, by the evaporation of the whole of the watfer, the 
crystals are obtained dry. 

The crystallization of a metal is not essentially different from 
an aqueous crystallization. The metal may be regarded as held 
in solution by caloric, and as the caloric of fluidity is with¬ 
drawn by the cooling of the metal, the case is correspondent 
to that of the reduction o( the quantity of water in the aqueous 
solution, and the particles will arrange themselves according 
to their form. It must be obvious, that if the particles of the 
metal, or of the solid in solution, consist of cubes, they will 
aggregate in forms of one description, and if they are 
tetrahedrons, they must place themselves upon each other in 
another. 

A fluid which has furnished all or the greater part of th§ crys¬ 
tals that can be obtained from it, is called mother-water. ,' 

In general, fluids at a boiling heat hold in solution a much 
larger portion of any matter than when cold, because caloric 
has a powerful effect in lessening the attraction of aggregation, 
and preventing particles which are very near from combining. 
Common salt, is, how ever, an instance of a salt which is nearly 
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as soluble in cold as in hot water; but it appears to be a 
general law, that salts of this kind require but a small quan- 
tit; 5 r of the water of crystallization. 

baits which acquire moisture from the atmosphere, so as to 
become fluid or pulpy, are said to be deliquescent; when they 
lose their crystalline form in the air, and yet remain dry and 
powde^, it is because their water of crystallization has been 
abstracted, and they are said to be eJHorescent. A salt is 
deliquescent, when it has a greater attraction for water than 
the air, as it will in that case take water from the air ; a salt 
is efflorescent, when it has a less attraction for water than the 
air, for the air will then abstract water from it. When the 
salt has the same attraction for water with the air, it suffers 
no change. 

The slower the crystallization, the larger, the harder, the 
more regular and transparent, the crystals which are formed. 
A rapid evaporation of a solution, therefore, produces imperfect 
crystals, the particles not having time to assume the exact 
arrangement to which they are naturally disposed. 

Crystallization is promoted when the solution is furnished 
with some point at which it may commence. In a saturated 
solution, which exhibits no signs of crystallization, crystals 
will soon be observed if a thread be stretched through it. 
But if, instead of any foreign, matter, a crystal of the sub¬ 
stance in solution be introduced, the crystallization is still 
further promoted. Upon this fact Le Blanc founded a method 
of obtaining very large and perfect crystals. He selected the 
largest and most perfect crystals of a salt recently formed, 
and put them into a saturated solution of the same salt. As 
the side of a crystal in contact with the vessel receives no 
increase, they were turned daily. After a certain time, the 
largest and most regular crystals thus obtained were em¬ 
ployed as the nuclei of still larger crystals by a repetition of 
the process. 

Kirwan observed, that if two salts be held in solution by 
the same fluid, a crystal of either will cause that salt to crys¬ 
tallize which is of the same kind as itself. 

Crystallization goes on but very slowly in closed vessels ; 
and in most instances wholly stops: but Dr. Higgins inferred 
from his experiments that the atmosphere only facilitates 
the process in consequence of its pressure; and therefore 
a sufficient column of mercury, or any other pressure, has the 
same effect. Perhaps the experiment has not been tried in 
a proper manner: the pressure upon the surface of a fluid in 
a closed vessel containing air, is not less than when that 
vessel is uncovered. 
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The action of light has the effect of impeding and disturb¬ 
ing crystallization; and crystals are therefore larger and more 
regular when formed in the dark. 

A very singular discovery was accidentally made by Hauy, 
respecting the elementary forms of crystals. Happening to 
take up an bexangular prism of calcareous spar, which had 
been detached from a group of the same kind, ne observed 
that a part of the crystal was wanting, and yet that it pre¬ 
sented a smooth surface. Attempting to detach a segment 
from the contiguous edge, he could not succeed, but the one 
next to it was easily divided. Proceeding thus to divide the 
crystal mechanically, in such a way^hat the separation 
was easy, and left smooth surfaces, and which did not 
happen unless in directions parallel to the first fracture, 
he found that the crystal changed its form as parts of it 
were separated, until at length it acquired a form that re¬ 
mained mathematically the same after any subsequent 
sections. On trying the experiment, he found, that other 
crystals of the same spar were reducible to the same unalter¬ 
able form; and that crystals of other bodies were also redu¬ 
cible to fixed forms, of one kind or another. These fixed 
forms, therefore, he denominates the primitive forms of the 
crystals; and the other forms which crystals assume, he calls 
their secondary forms. 

The primitive form of fluate of lime, Hauy found to be an 
octahedron; of sulphate of barytes, a prism with rhomboidal 
bases; of corundum, a rhomboid somewhat acute; of beryl, 
an hexahedral prism; of blende, a dodecahedron with rhom¬ 
boidal sides. 

Pursuing the path which these discoveries pointed out, with 
a rare combination of industry and ingenuity, he succeeded in 
delineating a system of crystallography, which, though yet in 
its infancy, bears the strongest indications of remaining con¬ 
sistent with the phenomena of nature, and therefore of obtain¬ 
ing a permanent reception in science. 


Of Combustion. 

Combustion is the union of a body with oxygen accompa¬ 
nied by the evolution of light and heat; and therefore every 
body-which is capable of forming this union, is called a com¬ 
bustible. 

Oxygen is retained in the gaseous state by the large quantity 
of caloric with which it is combined, and for which it has a 
strong attraction; but if any substance be presented to the 
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oxygen gas, that has a stronger attraction for oxygen than 
oxygen has for caloric, the consequence is, that the oxygen 
gas is decomposed, its particles unite with the substance thus 
presented to it, and a great part of the caloric being then left 
m an udcorabined state, recovers the properties which are 
peculiar to it in that state, that is, it assumes the appearance 
of hre. The heat thus produced is the more intense, the 
greater the quantity of caloric which is liberated in a given 
compass and time; and these circumstances are dependent 
upon the strength of the affinity between oxygen and the sub¬ 
stance which separates it from caloric, and the quantity of 
caloric required to saturate the product of combustion. 

At the ordinary temperature of the atmosphere, bodies have 
either no affinity for oxygen, or usually a very weak one; 
hence they suH’er no change, or the change which does take 
place is so slow, that though a combustion in efl’ect, it is not 
called by that name, because neither light nor heat are per¬ 
ceptible to the senses. 

When the temperature of a combustible is raised, its affinity 
for oxygen is increased; and when it is rai.sed to a certain 
point, which varies according to the nature of the substance, 
the affinity becomes very strong, the combustion is con¬ 
sequently rapid and brilliant, taking, according to the pheno¬ 
mena it presents, the name of ignition, inflammation, decrepi¬ 
tation, detonation, and fulniination. 

Light appears to form a component part of all combustible 
bodies, and to enter, as well as caloric, into the composition 
of oxygen itself. Hence, when oxygen by combustion enters 
into a new combination, part at least of the light held both 
by it and the combustible, is disengaged and flies off, as well 
as the caloric. In general it appears evident, that the 
light is furnished by the combustible, because the light 
furnished by different combustibles is of different colours, 
and the quantity of it is by no nueans proportionate to 
the quantity of oxygen consumed. For example, hydrogen 
in combustion combines with a greater quanti^ of oxy- 
-gen than any other body; but the light afforded is incon¬ 
siderable. 

Although the light furnished by combustion is not propor¬ 
tionate to the quantity of oxygen which enters into combina¬ 
tion, and therefore is evidently not wholly furnished by the 
oxygen, yet the case is the reverse with the caloric eymved. 
The combustion of those bodies which combine with the 
greatest quantity of oxygen, always furnishes the greatest 
quantity of caloric, and therefore the combustion of hydrogen 
lur^tiahes the most intense heat that can be produced, until 





CHEMISTRY. 


485 


Phenomena of combnilion. 


some Other substance shall be found which combines with a 
greater quantity of oxygen. 

Another proof that the chief part of the caloric extricated 
during combustion is furnished by the oxygen, which when it 
ceases to be a gas, has no longer occasion for it, is, that when 
the oxygen is in combination with a fluid, a combustible sub> 
stance, for example, a metal, will abstract it from the fluid, 
but the usual phenomena of combustion do not appear, 
although*the combination with oxygen is so rapid, that if the 
same quantity of oxygen had been derived from a gas, in the 
same time, these phenomena would have been exhibited with 
considerable splendour. 

Bodies which have been once thoroughly burnt, which is 
only another way of expressing that they are saturated with 
oxygen, are incap.:ble of undergoing combustion again, until 
some part or all of their oxygen is abstracted. To deprive 
them of oxygen is virtually to unburn them; and when no 
part of a combustible has been dissipated, but only changed 
by the new combination, the abstraction of the oxygen ab¬ 
sorbed restores its pristine properties. This is the case with 
metals, which acquire by combustion a weight equal to the 
oxygen combined witli them, and of course lose that acquired 
part of their weight when the oxygen which constitutes it is 
withdrawn; but vegetables and other combustible matters 
containing many volatile parts, when burnt in the open air, 
have these parts dissipated, and therefore the products they 
afford after combustion, weigh considerably less than the 
vegetables themselves, as they only consist of those parts 
which cannot be converted into gas. 

We have stated that maify substances, by their union with 
oxygen in combustion, are converted into acids; when this 
happens, the combustible is said to be oxygenized; when the 
product of combustion is not an acid, it is called an oxide, and 
the combustible is said to be oxidized. 

The experiments which have proved the alkalies and earths 
to be metallic oxides, have tended materially to establish the 
conclusion, that all substances are either combustible, or com¬ 
bined with oxygen to the point of saturation; and if this be 
maintained, oxygen must, like caloric, have an affinity for 
every substance existing. 
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Or Water. 

The composition of water has been already incidentally 
mentioned; it consists of 85 parts of oxygen, and 15 of 
hydrogen. It is a product of combustion, being formed 
whenever hydrogen is united to oxygen; for these two bodies 
are not known to be capable of uniting in any proportion but 
that which forms water. The proofs of the composition of 
water are complete; this fluid may be decomposed, that is, 
separated into the gases of which it is composed; or the gases 
may be converted into w ater. 

Water is capable of existing in four different states, 1. that 
of ice; 2. that of w'ater, or the liquid state; 3. that of steam, 
or the gaseous state; 4. in combination with crystals or other 
solids. 

1. Ice is the simplest state of water; if entirely deprived 
of caloric, it would still be ice, only increasing in hardness as 
the caloric was abstracted. It is elastic, and when long kept 
much below the point at which it is formed, it becomes ex¬ 
tremely hard. When pulverized, it is white. As one of the 
amusements of the court of Russia, in the severe winter of 
1740, a palace w-as constructed entirely of ice hewn from the 
river Neva; and a cannon made of the same material, drove a 
hempen bullet through a board two inches thick at the dis¬ 
tance of sixty paces. Water expands in passing to the state 
of ice, with a force that produces most astonishing effects; 
rending trees, and separating imn^se fragments, from rocks 
and mountains. This expansion is owing to the new arrange¬ 
ment of its particles; the needles of the crystals crossing each 
other, either at angles of 60*^ or 120'^. Ice is converted into 
water when its temperature is raised above 32®. 

2. Water retains its character as a fluid, at all temperatures 
between 32® and 212®. When the barometer is at 30 inches, 
and the thermometer at 60®, a cubic inch of water weighs 
252.422 grains. It is employed as the standard of comparison 
in all tables of specific gravities, for reasons pointed out at 
page 80 of this volume. 

Water, when perfectly pure, possesses a high degree of 
transparency, and is entirely destitute of colour, taste, and 
smeU. It is nearly inelastic, and consequently incompressible. 
It can only be obtaint'd pure by distillation; for as it is capa¬ 
ble ol* holding a greater number of substances in solution than 
any other fluid, the facility with which it becomes impregnated 
virith foreign substances must.be obvious. 
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3. When water is converted into vapour, it combines with 
above five times the quantity of caloric which would be required 
to bring ice-cold water to the boiling heat; it is estimated to 
fill a space 1800 times greater than in the state of water; and 
the large quantity of caloric with which it is combined, is the 
only cause of the difference. This refers to water under the 
common pressure of tlie atmosphere. When this pressure is 
lessened, as under an exhausted receiver, water assumes the 
state of .vapour at a very gentle heat; and when retained in a 
sufficiently strong vessel, as in a Papin’s digester, it may be 
rendered red-hot, without being converted into steam. The 
elasticity of steam is prodigious; and it increases with the 
heat at which the steam is formed. It has been found by ex¬ 
periments, that the expansive force of steam exceeds tiiat of 
gunpowder. 

4. The singular tenacity with which water is held by a great 
number of substances, is an interesting fact. Saussure has 
proved that aiumine will retain one-tenth of its weight of 
water, at a heat which will keep iron in fusion ; lime retains 
water with nearly the same force; and calcined plaster of 
Paris is changed from the state of a powder to that of a solid, 
by combining with a large portion of water; some salts, though 
tolerably hard and dry, are combined with as much water as 
at a boiling heat would hold them in solution ; crystals owe 
their transparency, and even their solidity, to the v\aler com¬ 
bined with them, for they lose both these properties as soon 
us the water is abstracted. By entering into many of these 
combinations, it is evident that water is deprived of a greater 
quantity of caloric than in the state of ice, and it is to this 
cause that we must attribute its hardness in gems. 

Mineral Waters. 

The purest water which nature affords, is that of melted 
snow, or of rain newly fallen, and collected in the open fields, 
at a distance from houses, or contaminated atmosphere. The 
water of rivers and lakes is the next in purity, especially where 
it has a rocky or gravelly bed. Stagnant water, and that of 
marshes, is in general exceedingly impure, and often offensive 
to the taste, as it is largely impregnated with principles de¬ 
rived from the putrefaction of animal and vegetable matters. 
All these waters, however, possess the property called softness, 
that is, they will d.issolve soap. Spring-waters are generally 
hard; they will not dissolve soap, and are therefore unfit for 
many domestic purposes, and for manufactures. This arises 
from their containing earths and minerals in solution. Springs 
which supply water of a more agreeable taste than rain, river, 
47.— VoL. 11. 3 Q 
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or lake water, are the most abundant, and they always contain 
carbonic acid. Other impregnations impair their taste, and 
when they are in such excess as to give a marked character to 
the water, the waters of such springs are called Mineral waters. 

It may often be important to obtain a genial idea of the 
impregnations of a particular spring, in order to know whether 
it can be safely taken with food, or is likely to be useful as a 
medicine, or ought to be wholly rejected. We shall therefore 
give a short account of the tests by which the most usual 
impregnations may be detected. 

The sensible qualities of the water, such as transparency, 
colour, taste, and smell, should be examined, if possible, at 
the instant it comes from the spring. If the water must ne¬ 
cessarily be examined at a distance, a bottle with an air-tight 
stopper, should, at the fountain-head, be completely filled with 
it, in order to leave no space for air. The specific gravity of 
the water should also be taken. To note exactly the sensible 
qualities of the water, will often indicate the re-agents which 
may be employed to discover its composition. 

Spring-water generally contains more or less carbonic acid, 
which imparts an agreeable sparkling and briskness, like that 
exhibited by fermented liquors; when no colouring matter is 
present, the sparkling induces us to suppose this water more 
transparent than other water. Carbonic acid sinks the taste of 
every other ingredient in waters ; and therefore such waters 
should not only be tasted at the spring, but some time after 
they have been exposed to the air, or after they have been 
boiled, as the carbonic acid will then have escaped. The tinc¬ 
ture of litmus will discover whether an acid is present in wa¬ 
ter, and as the carbonic is the oniyhcid which is separated by 
exposure to the air, this exposure, if it deprive the w’ater of 
the power of reddening litmus paper or its solution, will shew 
whether the acid is the carbonic or not. 

Water containing carbonic acid will hold a considerable 
quantity of carbonate of lime in solution. Lime is detected 
most enectually by the oxalic acid, which separates it from 
all its combinations, and forms with it an insoluble precipitate, 
unless an excess of acid be present, for then the precipitate 
will be re-dissolved. It is therefore best to use the oxalate of 
ammonia or potass, in order that the alkali may neutralize the 
acid in solution. 

Diluted muriate of barytes will form a precipitate with 
water containing sulphuric acid. The precipitate is white, 
and insoluble in diluted muriatic acid. 

The nitrate of silver occasions a white precipitate or cloud 
in, water containing muriatic acid. 
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Alkalies held in solution, or alkaline or earthy carbonates, 
change paper stained with turmeric to a brown, or reddish 
brown, and light vegetable reds are rendered blue. The vola¬ 
tile alkali may be distinguished by its smell. Earthy and 
metallic carbonates are precipitated by boiling. 

Iron is very common in mineral waters; it m^y be detected 
by its forming a purple or blackish precipitate with tincture 
of galls, or blue with prussiate of potass. 

Pure ammonia, or lime-water, precipitates magnesia and 
alumine, and no otlier earths, provided the carbonic acid has 
been previously separated by a fixed alkali and boiling. 

The mineral acitls, when uncombined, give a permanent red 
to litmus paper, both before and after the water has been 
boiled ; whereas the redness communicated by the carbonic 
acid goes off as the paper dries. 

The waters called sulphurous, contain sulphuretted hydro¬ 
gen, which may be detected by its peculiar smell, also by the 
vapour tarnishing silver, and blackening paper which has been 
dipped into a solution of acetate of lead. 

Waters containing the sulphate of copper, may be detected 
by the^r giving the colour of copper to a polished plate of iron 
immersed in them. 

Sulphate of iron is precipitated by alcohol. 

The specific gravity of sea-water is generally 1.0289. It 
holds about ^^fh of its weight of muriate of soda in solution, 
with a small quantity of muriate of magnesia, and a still 
smaller proportion of sulphate of lime. At a distance from 
land, it is colourless and void of smell, but intensely saline 
and bitter. 

In analyzing waters with exactness, the gaseous products 
they afford are carefully collected and examined. 
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Of the Air. 


The atmosphere may be said in general terms to consist of 
oxygen and nitrogen; but atmospheric air, even when purest, 
always contains a small proportion of other principles. Mur* 
ray states its exact composition as follows. 


Nitrogen gas • • • 
Oxygen gas • • • 
Aqueous vapour 


Bj meuare 

Bv Height 

• •. 77.5 


. 21.0 

.2rj.32 

•• 1.42 

. 1.03 

s • • .OS 

. .10 

100.0 

100.0 


As considerable quantities of hydrogen escape trom the 
earth, it might be presumed that jt woidd l)e found in atmo¬ 
spheric air; but as atmospheric air has no chemical attraction 
for it in any proportion that can be detected, it probably 
escapes, by its levity, beyond the heights to which we have 
access. Dalton’s experiments evince that the proportion of 
carbonic acid gas does not exceed a thousandth part, though 
a higher estimate is generally made. 

Atmospheric air is destitute of taste and smell, highly com¬ 
pressible, and perfectly elastic. It supports animal life, 
directly by the oxygen it affords to the lungs, where the blood 
combines chemically with it; and indirectly, by its mechani¬ 
cal properties in equalizing the temperature of the globe, and 
preventing too rapid an evaporation of the moisture of the 
body. It'is also not less necessary to vegetable life, as the 
vehicle for the distribution of water, and in its decomposition, 
by furnishing them with nitrogen, carbonic acid, and other 
principles. 

Atmospheric air contains the only proportion of oxygen 
vWhtch is subservient to the purposes of existence: all the 
known gases have been tried ; none of them except the nitric 
oxide can be breathed for even a few minutes; and even the 
nitric oxide, during the short time in which it remains on the 
lungs, produces a suspension of the proper functions of the 
mind^ In all the other gases, also, comDustion is either in- 
tenftperate or wholly stopped. Notwithstanding the multiplied 
cottipositions and decompositions which are continually going 
on ai surface of the earth, the due proportion of oxygen in 
the air is still maintained with a precision truly astoaisbing. 
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'Hie Specific gravity of air is less, the g^reater the proportion 
of aqueous moisture which it contains. Hence aeronauts find 
that their balloon sinks when passing over the sea, where the 
air is inoister than over the land. 


ORGANIC SUBSTANCES. 


Vegetables. 

Vegetables, thougli infinitely diversified in their appearance 
and properties, are found to consist of a small number of sim¬ 
ple substances ; carbon is the basis of them all, and after car¬ 
bon, hydrogen and oxygen may be considered as forming the 
principal part of them. Some vegetables contain nitrogen, 
others pliosphorus, earths, and metals, but these elements are 
not general; they belong only to particular plants, or to plants 
tn particular situations. 

Although the proportions of the component parts of vege- 
fable.s may be ascertained with considerable accuracy, yet the 
chemi.st is unable to combine these component parts in any 
manner that shall produce substances resembling the entire 
vegetable, or the compounded products which it affords. 

Plants derive a principal part of their nourishment from 
water; their roots imbibe the water, which is decomposed in 
them, by the assistance of light and heat; and a part of its 
hydrogen becomes fixed, while part, at least, of the oxygen is 
given out by transpiration. Water will hold carbon in solu¬ 
tion, deriving it from the soil; and hence the utility of dung, 
or putrefying animal and vegetable substances, which supply 
a large quantity of carbon, as well as hydrogen and nitrogen. 
Plants will grow, although their roots stand in such materials 
as lose no portion of their weight, and although they be wa¬ 
tered with distilled water. In this case, the carbon of the 
plant is derived from the atmosphere, through the medium of 
the leaves. Perhaps at all times the atmosphere furnishes a 
part of the carbon, through the medium of the under surface 
of the leaves; but when an adequate supply is derived from 
the roots, the leaves perform this oflSce with less energy. 
Water impregnated witn carbonic acid gas, renders vegetation 
more vigorous. 
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The processes of vegetation have a considerable tendency 
to produce equality of temperature. If the bulb of a therniq- 
ineter be plunged into a hole in a treCj it indicates a higher 
temperature than the atmosphere in cold weather, and a lower 
temperature in hot weather. 

The most usual compound substances furnished by vege¬ 
tables, and which are possessed of remarkable or distinct cha¬ 
racters, we shall now proceed to consider separately. 

Sugar. 

Sugar is afforded by most plants, and in some, such as the 
sugar-cane, the beet-root, the sugar-maple, the carrot, it is 
particularly abundant. It crystallizes, is sweet to the taste, 
and soluble in water and alcohol. Used as food, it is ex¬ 
tremely nourishing and antiseptic. Treated with nitric acid, 
it aiioids oxalic acid. Lime, barytes, magnesia, and stron- 
tian, are soluble in the solution of sugar. One hundred parts 
of sugar, contain of carbon 28 parts, of hydrogen 8, and of 
oxygen 64. 

Mucilage, or Gum. 

Mucilage is soluble in both hot and cold water; the solution 
is adhesive; it exists in many bulbous roots, particularly the 
bulbs of the hyacinthus non scriptus, or common blue-beli; 
and it exudes from the trunks of certain trees, such as the 
cherry-tree. VV’hen hardened in the sun, or reduced to the 
solid state by the loss of moisture, it is brittle and almost 
transparent; it then takes the name of gurn. Gum arabic is a 
very pure mucilage. 

Mucilage consists of the same component parts as sugar, 
with a small proportion of nitrogen and lime. 

Starch, or Fecula. 

Starch is white, insipid, insoluble in cold water or alcohol, 
but forming with boiling water a semi-transparent jelly. It is 
„ abundant in potatoes, wheat, barley, and many other plants, 
roots, and seeds, and may be separated from them by macera¬ 
tion in water. It dissolves in cold water that contains an 
acid or an alkali. 

Fecula is often used as a general term for all matters con¬ 
tained in the juices of plants, and not held in solution by 
them; sometimes we hear of amylaceous fecula: this is the 
same with starch; green fecula is also an expression in use. 
but the green colour of fecula is seldom permanent. Indigo 
' is a blue fecula. 
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Gluteu. 

If wheaten flour be kneaded in cold running water, the water 
will carry off the mucilage and starch it contains; but when 
the water runs off colourless, a peculiar substance will remain, 
which is called gluten. 

Gluten composes about one-twelfth of the matter of wheaten 
flour, it is ductile and elastic, and of a stringy texture; it has 
some smell, but no taste. If stretched out, it returns to its 
original state. By exposure to the air, it becomes brown, and 
appears to have an oily coating. When completely dry, it is 
very brittle, and resembles glue. If kept moist, it soon putre¬ 
fies. It is insoluble in water, alcohol, or ether; but the acids 
dissolve it, and the alkalies precipitate it. No other vegetable 
product has so near an alliance to animal matter both in its 
appearance, which is like that of tendons, and in its constituent 
parts, into which nitrogen largely enters, and some ammonia. 

Albumen. 

Albumen is most abundant in those vegetables which fer¬ 
ment and afford a vinous liquor without yeast. It is soluble 
in cold water; but its chief characteristic is, that it coagu¬ 
lates and becomes insoluble by heat. 

Gelatine. 

Gelatine, or jelly, has some resemblance to albumen, but 
differs from it in not being coagulated by heat. It is soluble 
in water, insipid, and precipitated by infusion of galls. It 
may be procured from blackberries and other fruits of a simi¬ 
lar kind. 


Bitter Principle. 

The bitter principle of vegetables is soluble in water and 
alcohol. It is soluble in nitric acid, and precipitated by 
nitrate of silver; its colour is yellow or brown. Hops, quas¬ 
sia, &.C. contain much of it. 

Narcotic Principle. 

The narcotic principle is soluble in 400 parts of hot water; 
alcohol dissolves a twenty-fourth part of it; it is crystalliz- 
able, and of a white colour. It is soluble in all the acids 
without heat, and is precipitated from them in a white pow¬ 
der by alkalies. 
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Extractive Matter. 

Extmctive matter is taken up from vegetables by water and 
alcohol, and therefore is soluble in these fluids. It is inso¬ 
luble in ether. It is precipitated by oxymuriatic acid, muriate 
of tin, and muriate of aluniine, but not by gelatine. It dyes 
a fawn colour. In the roots of liquorice it is abundant. 

Tannin. 

Tannin is the name given to the peculiar principle which 
combines with the gelatine of skins, and converts them into 
leather. It is found in the gall-nut, and in all vegetables or 
parts of vegetables which are called astringent. It has by 
some been deemed the astringent pnnci|)le. It is soluble in 
water and alcohol, but is precipitated by gelatine, with which 
it forms an insoluble compound that becomes solid and 
elastic. 


Filed Oi/s. 

The fixed oils, afforded by vegetables, are in nearly all cases 
extracted from the seeds: when pure, they have no smell, and 
very little taste ; they are insoluble in water and alcohol, and 
very combustible: they form soaps with alkalies. Their boil¬ 
ing point is higher than that of water, and when, by increasing 
the heat, they are volatilized, they are decomposed at the 
same time. Most of them freeze a few degrees above the 
freezing point of w’ater. Their specific gravity is generally 
less than that of water. Some fixed oils, the principal of 
which are poppy-oil, nut-oil, and linseed-oil, have the pro¬ 
perty of drying when exposed to the air; when dried alone, 
their transparency remains. The property of drying is attri¬ 
buted to the absorption of oxygen. These oils arc used in 
painting, but not for making soap. 

Fixed oils are generally obtained by pressure from the seeds 
which furnish them. Lavoisier determined olive-oil to con¬ 
sist of carbon 78.92, and hydrogen 21.08. 

Volatile Oils. 

Volatile or essential oils have a strong taste, which, though 
hot, is often not disagreeable; they have also a penetrating, 
;^romatic smell, and are volatilized at the heat of boiling wa¬ 
ter; most of them are soluble in alcohol and acetic acid, but 
not in water. They are generally obtained by distillation 
with water, but sometimes by expression, as from the rinds of 
lemon* imd oranges. They are obtained from all the parts of 
plants except the seed. They are highly inflammable, and 
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when burnt they leave no residuum. In consistence they are 
found in all states, from extreme fluidity to solidity. When 
employed as internal medicines, they are too pungent and 
acrid to be taken alone, but if dropped upon dry loaf sugar, 
such of them as are suitable, may be taken without difficulty. 

Camphor. 

Camphor is a concrete volatile oil. It has a strong but 
agreeable smell, and an acrid taste. It swims on water, burns 
without residuum, and is so volatile as entirely to exhale when 
exposed to a moderate temperature. It is, when pure, in 
crystals, which are white, brittle, but not so hard as to pre¬ 
vent their being easily crumbled, ('aniphor is soluble in 
alcohol, ether, and fixed oils. 

Hux. 

Wax is in its composition very analogous to fixed oil. It 
is a vegetable product: bees are merely the labourers by whom 
it is collected ; they do not alter its nature. If the nitric or 
muriatic acid be digested for several months upon a fixed oil, 
the oil passes to a substance resembling wax. Hence wax 
might be inferred to be a fixed oil concreted by the absorption 
of oxygen. Its natural colour is yellow, but it may be whit¬ 
ened by exposing it in thin lamina to the air and sun. Alka¬ 
lies dissolve wax, and render it miscible with water. 

In China and in North America, wax is obtained directly 
from plants, and is then called vegetable-wax. 

I lone I/. 

Honey, like wax, is gathered by bees, ready formed, from 
flowers, which contain it in an organ called the nectary; it is 
deleterious when gathered in districts where poisonous shrubs 
abound, of which there are many examples in the uncultivated 
parts of America. Honey is composed of sugar, mucilage, 
and water. 


Resins. 

Resins are mostly insoluble in water, but when pure the\ 
are soluble in alcohol, oils, ether, alkalies, and acetic acid. 
They are sometimes brittle, sometimes soft and tough, and 
they all become fluid by heat. The nitric acid converts them 
into tannin. By distillation, they afford volatile oil. Tliey 
,are all electric, and their electricity is negative. During com¬ 
bustion, they afford much smoke. 

47.— VoL. II. 3 R 
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If a volatile oil be exposed to the air, after the lapse of a 
considerable time, it thickens, and is gradually converted into 
resin ; it has lost some carbon, and acquired oxygen, to which 
the change must be ascribed. Hesins either exude naturally, 
or are obtained by perforating the trunks of trees. 

Jiaisams. 

Balsams have a strong and fragrant smell, most of them are 
semi-Auids. When heated, the benzoic acid sublimes fioin 
them, which constitutes the principal distinction between 
them and resins. Like resins, they are obtained by incisioii-i 
made in the trees atfording them. 

Gum Resins. 

Gum resins are distinguished from common resins by thcii 
forming milky solutions with alcohol, and by their being intu- 
sible. Their solutions with alcohol aie transjiurent. Fraukiii- 
cense, scararaony, aloes, and gum ammoniac, are gum reMn>. 

Both gum resins and balsams allord tannin wlieti ire.iU il 
with nitric acid. 

Caoutchouc. 

Caoutchouc, elastic gum, or Indian rubber, possesses groat 
elasticity; is insoluble in water and alcohol, is reduced to a 
pulp by heated spirits of turpentine, but is strictly soluble 
only in nitric ether and naphtha. The solution is extremely 
adhesive, and slow in drying. 

Caoutchouc .always remains soft, like leather, unless in a 
very low temperature; it is fusible, and burns like resins, but 
with less smoke. 


Bird Lime. 

Bird-lime is of a greenish colour, has the smell of linseed- 
oil, is insipid to the taste, and is extremely viscid. It is per¬ 
fectly soluble in ether, sparingly so in alcohol, and insoluble 
in water. By exposure to the air, it becomes dry enough to 
be powdered, but recovers its viscidity by wetting it. It red 
dens tincture of litmus. 

The best bird-lime is supplied by the middle bark of the 
holly, which is boiled in water, left to ferment for several 
weeks, and afterwards macerated in water. 

Colouring Matter. 

The colouring matter of vegetables is combined with, 1, the 
extractive principle; 2, with resin; 3, with fecula; 4, with gum. 
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Most of the colouring matters of vegetables have a great 
udinity for the earths, particularly for alumine; and for the 
white metallic oxides, especially the white oxide of tin; also 
lor animal fibrous matters, and for oxygen. On a due regard 
to these affinities, depends the art of dyeing. 

Berthollet remarks, that those colouring matters which 
contain the most carbon, afford the richest and most lasting 
colours. Indigo is of this class. 

Woody Fibre. 

When thin shavings of wood are boiled in water, to sepa¬ 
rate the extractive matter, and afterwards in alcohol, to dis- 
.solve the resin, a residuum is obtained called the woody Jihre. 
It constitutes the basis of the solid part of vegetables. It is 
tasteless, insoluble in water or alcohol; but is soluble in weak 
alkaline solutions, and is precipitated by acids. It is also 
soluble in nitric acid, and yields oxalic acid. It is not liable 
to putrefaction by exposure to the air. It consists principally 
of carbon, and therefore, when burnt in close vessels, affords 
much charcoal. 


Animal Substances. 

Animal substances present us with the same constituent 
principles as vegetables; but the proportions of these prin¬ 
ciples are different. By destructive distillation they afford 
much ammonia, which is sparingly distributed in the vege¬ 
table kingdom; they also contain much nitrogen, of which 
the proportion is usually small among vegetables ; and they 
are more abundant in phosphorus; while of carbon and hydro¬ 
gen, which are abundant in vegetables, they contain but little. 
They are also distinguished from vegetables by their under¬ 
going only the putrid fermentation, while vegetables, previous 
to this fermentation, undergo one of which the product affords 
alcohol, and another which affords vinegar. 

The distinct compound substances derived from animals, 
are very numerous; we can only notice the most important 
and general. 

Gelatine. 

Gelatine, or jelly, is supplied by all the parts of animals, 
even bones, but is most abundant in the soft and white parts. 
It is perfectly soluble in warm water, but insoluble in alcohol, 
and has little tftste or smell; on cooling, when not diffused in 
too large a quantity of water, it has a soft tremulous consist¬ 
ence, and becomes fluid by an increase of heat. Gelatine i^ 




498 


CHF.MISrUV. 


Animal aobstancr:*. 


prepared for the table from calves’ feet and the muscular 
pai ls of animals. It is a substance strongly tending to putre¬ 
faction when combined with water, and it differs Kom vege¬ 
table jelly chiefly in this tendency; but if it be concentrated 
and dried in a stove, it may be kept in a dry place for many 
years. In this state it forms the preparation called portable 
soup; it is still easily soluble in boiling water, and a very 
small quantity of it forms a basin of soup. 

When gelatine is obtained from the skin, cartilages, and 
refuse of animal matter, and reduced only to the consistence 
of a jelly, it is used in the arts under the name of size. When 
the gelatine is concentrated and dried, it forms glue. The 
strongest glue is afforded by old animals. Isinglass is a glue 
which consists of the air-bladder of the beluga ^ a species of 
fish plentiful in the rivers of Russia. 

Gelatine is dissolved both by acids and alkalies. Tannin 
forms with it an insoluble compound. 

Albumen. 

Albumen, or coagulable lymph, exists in its purest natural 
state in the whites of eggs, which consist almost entirely of 
it; it is also abundant in the humours of the eye, and the 
fluid of dropsy. Its properties are similar to the albumen of 
vegetables. It is soluble in water, before it has been coagu¬ 
lated by heat, but not afterwards. Alkalies dissolve the 
coagulum. 

Albumen is coagulated by acids, and in some degree by 
alcohol. It speedily putrefies. 

Oils. 

Animal oils are generally solid at the ordinary temperature 
of the atmosphere, especially when obtained from land ani¬ 
mals. They are distinguished by the names, tallow, lard, 
suet, butter, fat, marrow, &c. Fish afford fluid oils, the most 
common of which is train-oil, obtained from the whale; sper¬ 
maceti is an exception, it is a fixed oil obtained in a concrete 
state from the brain of a particular species of whale. 

Animal oils contain more oxygen than vegetable oils, and 
those which concrete the soonest contain the most of this 

f irinciple. They yield sebacic acid, and they unite with alka- 
ies to form soap. 

Fibrin. 

If the muscle of an animal be macerated in cold water, 
afterwards digested in alcohol, and in boiling water, to re¬ 
move all the parts soluble by these agents, a white, insipid, 
fibrous substance remains, which ii cvMed^brin. 
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-Fibrin forms the principal part of the muscle. It is inso¬ 
luble in water, alcohol, ether, or oils; it has neither taste nor 
smell; it contracts when heated, and by a stronger heat is 
melted. It is soluble in acids and alkalies, but not in cold 
liquid ammonia. Alkalies precipitate it from acids in flakes, 
which are soluble in hot water, and resemble gelatine. With 
nitric acid, it aft'ords more nitrogen than any other substance. 
By destructive distillation, it anords water, carbonate of am¬ 
monia, a thick, heavy, fetid oil, traces of acetic acid, carbonic 
acid, and carburetted hydrogen. It also contains some phos¬ 
phate of soda and of lime. 

Fibrin exists in blood, by which it is deposited on the muscles. 
1 f the clotted or coagulated part of blood, be tied up in a linen- 
cloth, and washed in water till the water ceases to receive either 
colour or taste from it, fibrin will remain in the linen. 

Fibrin has a very near resemblance to gluten. 

Hones. 

Bones derive solidity from the phosphate of lime, which 
forms a considerable part of them ; cartilages, which are bones 
in the first part of their formation, have tiie properties only of 
coagulated albumen. The gelatine and fat combined witli 
bones, impart toughness and strength, and hence, when their 
quantity is diminished by age, the bones are easily broken. 
(\ie hundred parts of ox-bones, according to the analysis of 
Fourcroy and Vanquelin, are composed of solid gelatine 51, 
phosphate of lime 37.7, carbonate of lime 10, phosphate of 
m^nesia 1.3. 

The enamel of human teeth contains a greater quantity of 
the phosphate of lime, and is destitute of gelatine. The shells 
of animals are a species of bones; they contain about the same 
quantity of carbonate of lime, that the bones of perfect ani¬ 
mals contain of phosphate of lime. 

Horn. 

Horns, hoofs, nails, and quills, differ but little in their che¬ 
mical characters; they are found to consist chiefly of con¬ 
densed albumen, with some oil, and a very small proportion 
of gelatine and phosphate of lime. 

Stag's horn and ivory are nearly the same as bone, and 
contain much gelatine. 

Hair, wool, and feathers, differ but little from each other in 
their composition ; one fourth of their weight consists of oil, 
on which their colour depends; they afford besides, water, 
ammonia, carbon, silex, and iron. Hair is soluble in alkalies, 
with which it forms soap. 
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Blood. 

Blood, recently drawn from an animal, appears to be a 
thin and homogeneous fluid; but it soon separates into two 
parts, the one a coagulated part, called the crassamentum; the 
other a fluid, called the serum. 

The crassamentum is of a red colour ; it contains albumen, 
iron, soda, and fibrin; the fibrin constitutes it basis, and may 
be obtained separately by washing it in water. It has all the 
properties of the fibrin obtained from muscular fibre. The 
crassamentum has a specific gravity of 1.245, whereas that of 
blood is only about 1.05. 

Serum is of a light greenish yellow colour. Its taste is 
slightly saline, and it turns sirup of violets green; this pro¬ 
perty it owes to the uncombined soda which it contains. It 
IS coagulable by a temperature of 150®, and is then of a 
grayish white colour; it therefore contains a lar^e proportion 
of albumen ; it also contains gelatine, hydrosul|)huret of am¬ 
monia, soda, muriate of soda, phosphate of soda, and phos¬ 
phate of lime. Acids permanently coagulate serum ; alkalies 
increase its fluidity ; alcohol coagulates it, but the coagulum 
is soluble in w’ater. 

When the blood, after circulating through the body, has 
arrived at tiie lungs in its way to the heart, it has acquired a 
dark colour; but when, in the lungs, it has been exposed to 
atmospheric air, it absorbs oxygen, with a minute portion of 
nitrogen, and parts with carbon; the consequence of this 
operation is its acquiring an increase of heat, and a fine 
crimson colour. 

Milk. 

Milk is usually considered as consisting of three parts, the 
caseous, butyraceous, and serous, which, upon its being allowed 
to stand in an open vessel, spontaneously separate from 
each other. 

The butyraceous part or cream rises to the surface, and when 
designed to furnish butter, it is skimmed off, and being put into 
a vessel, in which it can be rapidly agitated, the butter sepa¬ 
rates from it. Butter, when fluid, is transparent, but it be¬ 
comes opake as it cools and hardens. The butter of cow’s 
milk becomes harder than that of any other animal. 

The caseous or cheesy part of milk is obtained by coagu¬ 
lating milk with an acid ; tor this purpose, in preparing cheese 
from cows’ milk, rennet is used, which is the stomach of a 
c^lf in which milk has soured. The coagulum is separated 
from the fluid part to make cheese. 
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After the whole of the matter which is capable of coagulat¬ 
ing is separated from milk, the serous or watery part only re¬ 
mains ; but rennet, from its slight acidity, does not make a«om- 
plete separation. The fluid therefore remaining, after rennet 
has been used, still contains saccharine particles and curd, 
and under the name of whe^, is used as a wholesome beverage; 
The serum obtained by the spontaneous decomposition of milk, 
is acidulous, and totally devoid of nourishment 

If sweet whey be evaporated to the consistence of honey, 
and afterwards dried in the sun, a solid substance is obtained, 
which is called sugar of milk. If the sugar of milk thus pre¬ 
pared be dissolved in water, it may be clarified by whites of 
eggs, and will afford white crystals after being evaporated to 
the consistence of a sirup. Sugar of milk is solul)Ie in three 
or four parts of water; its taste is slightly sweet, and it yields 
by distillation nearly the same products as other sugar. 

Milk is capable of undergoing the vinous fermentation, 
and consequently of affording a spirituous liquor. Marco 
Polo, who wrote in the thirteenth century, asserted that 
liquor prepared from mare’s milk by the Tartars, might be 
taken for white wine. If milk be deprived of its cream, it 
will not afford a spirituous fluid. 

Thenard gives the following as the component parts of 
milk: 1, water; 2, acetous acid; 3, caseous, 4, butyraceous, 
.5, saccharine, and 6, extractive matter; 7, 8, muriate of soda 
and potass ; 9, sulphate of potass ; 10, 11, phosphates of lime 
and magnesia. The acid here galled the acetous, is now 
found to have different properties, and is called the lactic 
acid, see p. 442. The milk of different animals diflers in its 
composition; ass’s, mare’s, and woman’s milk, are the most 
saline and serous; cow’s, goat’s, and sheep’s, contain the 
most of the caseous and butyraceous parts. 


Of Fermentation. 

When vegetables and animals are deprived of life, the ele¬ 
ments of which they are composed exert an action on each 
other; some of them enter into new combinations, others 
become entirely undecompounded; and the identity of the 
original substance is destroyed. 

Fermentation is of three kinds: 1, the vinous; 2, the acetous; 
3, the putrid. The two first kinds are peculiar to vegetable 
substances; the last is common both to vegetable and animal 
substances, though the change it indicates, is, in reference to 
animal substances, more generally called putrefaction. Mois- 



502 


CHEMISTaT. 


- - --- -—. . . "» .. . . . 

ture, and generally access of air, are necessary to fermenta¬ 
tion, and a warm temperature materially promotes it. while 
by an excess either of heat or cold it is entirely checked. 


Vinous Fermentation ,. 

The vinous fermentation never takes place except in sub¬ 
stances containing sugar, and it is most remarkable in those 
which contain the most of the saccharine principle. 

If a decoction of a vegetable holding much sugar in solution, 
or saccharine vegetable juices, or simply a mixture of sugar 
and water, be exposed to a heat of 70^*, in a vessel either un¬ 
covered or not entirely closed, in a short time the fluid becomes 
turbid, bubbles rise to the surface and break; mucilage rs at 
the same time disengaged, part of which sinks to the bottom, 
and the remainder rises to the top, where, with the bubbles 
entangled in it, a stratum is formed called yeast. When the 
quantity of the fermented fluid is considerable, the operation 
goes on briskly for several days, afterwards it becomes gradu¬ 
ally more languid, but it is a considerable time befofe it com- 
letely ceases. 

A fluid which has undergone the vinous fermentation, is 
entirely changed in its properties; its specific gravity is 
diminished; its sweet taste and viscidity is gone ; it becomes 
brisk and transparent, and has acquirea a pungent spirituous 
flavour. It forms beer, cider, wine, &c. according to the 
substance which has furnished the saccharine juice; and 
firom whatever it has been prepared, it affords, by distillation, 
a l^ht inflammable fluid caliecf alcohol. 

-Irfocnjthe experiments of Lavoisier, it appears that sugar is 

g d into alcohol by |he loss of a part of its oxygen, 
Igen separated is employed to form carbonic acid 
^ proouces the bubbles observed on the fermenting 

sjpall quantity of yeast is always added liquors in- 
to be fermented, qs it materially acceleimes and reu- 
deiv uniform this process through the whole mass of fluid. 


Acetous Fermentation. 

Ill^en liquors, are fermented for the use of the table, they 
>tit into casks while the feraientation tl yet active; at first 
miMpchole is left open, and qs yeast is dtscharged, the bar- 
|»d upjwilh q part of the floW of wort reserved for that 
i^iiterwaidsihe #esiel is doseil. But if the fluid be 
■ a fjuSciqpUime in open yeeaels, ^ acetous 

I its taste apd s»qU, and 


,,copies ,00,.^ 





-r— — -—I- ... t t f ’ m . . ... "li lni . . . - . -f . . - ,. 

converts the ilnid ipte vinegar. This change takes fitlace n>as| 
rapidly at the teftnperatureiOl' about 90% and isvj^rocaOiid iby^ 
changing the stufeces q| the Uquor, by etirritig ii or 
from, one vessel to another. ^ 

During the acetc^ foiinentation, the alcohol imbibes 
gen, to a degree thalWnvertq into an acid; and if the liqt#r 
which has undjirgoiae this process j^e distilled, pare vlnegif| 
instead of ardent sph’it, coihes oVit. 

Simple mucilage will pass to the acetous fermentation, #ith^ 
out being' preceded by the vinous, or at least the vinous 1^- 
mentation is so transient as not to be discernible! > 

Wines deprived of mucilage cannot be convet*^ Into 
vinegar. 

Putrid Birmentation. 

When dead vegetables contain much saccharine matter, 
the other circumstances necessary to fermentation arecpm'^' 
bined,.the vinous, the acetous, and the putrid fermePtatibin' 
succeed ^ch other in regular order; when mpcilage is thd^ 
predominant principle of the vegetable, the acetous fermeuto- 
tion, above described, is the first ohange discoverable, the 
putrid follows of course, as it is always the last; but t{m' 
vinous does not appear: when albumen and gluten are 
dominant in the vegetable matter, the putrid fermentation 
only is apparent. 

We have observed the progress of a saccharine fljuid from 
the vinous to the acetous fermentation, let now trace it to . 
the putrid: when vinegar has-been completely formed, and 
the warmth and exposure to the air in which it was formed are 
s^ill continued, it gradually becornes viscid and turbid^ an 
offensive gas is emitted, ammonid flies off, an earthy sedtmPh^ 
is deposited, and the remaining fluid scarcely differs how ', 
water. Such is the change produced by putrefactive fen]iea> 
tation in a m^harine fluid. 

When mbIPl vegetables are heaped together in consideraj^le 
quantities, tl^iT>putrefaction is attended with the production^ of 
consideratde lu|at, their whole texture becomes less coherent, 
their colour dark, ad9 nitrogen, hydrogen, carbonic acid, and 
amtnoniacnl gases, begin to be evolved. When the putrefactive 
process has advanc^ to this stage,* the vegetable matter affords 
excellent manure; fbr it is obvious, that the principles of vege¬ 
tables are liberated, and ato ready to nourish the seed or the. 
root to which the manur#i8 applied, while the warmth with 
which the decomposition is attended, enables the seed dr root- 
more readily to receive the f^od thus offered.. • , , 

The pntrefaction of aniihal sobstai^es goes on undtr the sknm 
48.—fon. II. *3S 
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circumataiices that promote Uie putrefaction of vegetables,— 
humidity, a temperature nei^er bo4 v^r colC and the access 
of the atmoepbere, but it is distingiiished by a far greater 
noisomeness. The presence of the air is the least essential 

E articular; for putrefaction goes on fn Vacuo. the*air required 
eing supplied oy the decompeution of ivater. A vei^ small 
quantity of salt hastens ^utremotion, 'while considerable 
quantity remarkably |«taras it. ^d is |herefore used in the 
preservation of animal food.' The first indication of putrefac' 
tion in animal substances, i« a cadaverous odour, tneir sub¬ 
stance becomes soft, pale,then green,blue, and lastly a blackish 
broWn; the smell at the same time becomes more nauseous and 
penetrating, ammoniacal gas is perceived, other gases also 
^ escape^ which are of an infectious and poisonous rfature; in the 
end.Che substance loses all traces of oiganizatiun, becomes dry, 
&n4fodaced to a state resembling that of an earth, 
worms and insects generally found among putrefying 
subsimiees,* tire not produced by pu|rdfaction,. ana therefore 
. fiotjanecessm^ consequence of it ; life never springs but from 
ftfe; and thf maggots arelhere, bedatlse the insects from which 
spring, directed by rinstitict, havq^depOsited their eggs 
^ong matter suitable for their food. 


Of Alcohol. 

Alcohol, or the purely spirituous part of liquors which have 
i^dergone the vinous fermentation, and no other, is transparent 
qnd colourless like water; its taste is highly pungent, but 
agrooable.* It is extremely inflammable, and when set on fire 
levies no residuum. Its sflecific gravity is 0.800; and from 
tt0 lightness and extreme fluidi|E« the bubbles which are formed 
on its surface, break with rapimty. It is not frozen even by 
the extreme cold of —^5®, but it hat been frozen by the sua- 
den abstraction of its caloric in the vacuum of an air-pump. 
In a vaousun, it boils at 56*^; in the air it is converted into 
yapbnr at 66®, and boils at 166®. It igj,from its being ccm- 
vul^d into vapour much sooner than water, that it is easily 
aojpflitiated by distillation from wine, beer, and other liquors 
wmeh contain it. All these liquors owe their atrength to the 

S uantity of alcohol they contain: the best port-wine contains 
boait one-fourth of its bulk bl alcohol. Brandy, rum, add 
whislk^, contain still more alcohoh# Proof spirit is half water 
and half alcohol. 

V The alcohol obtained by distil^tmn always contains somp 
water; Jrbm which that ofiptation will not free it; to obtain 
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pure alcohol, therefore, perfectly dry potass, obtained biy eat- 
posing this alkali for s^i^ time to a red beat, is put iiito it; 
the water having a stronger affinity for the potass than for the 
alcohol, combines with the alkali,-which falls to the bottom, 
and the aloohol may be drawn off with the siphon. After¬ 
wards the alcohol should be distilled with a gentle heat, aifd 
not quite to dryness, that fjny potass it may contain may be 
left behind* - , ^ • «, - 

Alcohol mixes with waterin all proportions, and the com¬ 
bination is so intimate that the^mixture takes up less space 
than the fluids separately; and therefori^, as in evfery*other 
combination where such an effect happens, caloric is extri¬ 
cated, ain^ may be felt by the hand. ' 

Alcohol is the grand solvent for resins, and is much uSi^ for 
making varnishes, Camphor dissolves in it very readily,' and 
the solution hastens that of some substances upon vrfaich the 
alcohol alone acts bqt slowly, or not at all, paiticttiiriy^ 
copal. « " ^ ■ 

Alcohol takes up a srnhll portion of phosrdmtus, which i« 
preci pitated by water, Quitklime alters the najotiyr of akohoL 
and renders its colopr yellow^thot^h l^he earths in general, 
and metallic oxides,* appear to have no action upon it. Both 
fixed and essential oils are soluble in alcohol. 

The composition of alcohol is n5t accurately known. The 
analysis of Lavoisier indicated that 100 parts of it contain, of 
carbon, 30, of hydrogen 7.5, and of water 62.5; but the ac¬ 
curacy of the analysis is doubtful, for as it was conducted by 
burning the alcohol in oxygen, part of the water may have been 
the produce of combustion, as Fourcroy and Vanqueljn hare 
clearly proved that alcohol contains oxygen. However this 
be, the manner in which the component parts of alcohol are 
united, remains entirely a mypj^ry. * 

Betancourt has ascertained the important fact, that the 
vapour of alcohol has more than double the expansive force of 
that of water of the same temperature; and that the steampof 
alcohol at 174® is equal to that of water at 212®. Hencf It 
has been suggested that alcohol may be employed with ad¬ 
vantage as tne moving power of steam-engines, with a great 
saving of fuel, and consequently of expense, when means shall 
be contrived to save the fluid from being lost. ‘ 
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Of Ether. 

If alcohol be mixed with its own weight of suipharic acid, 
gradually added to prevent explosion, and the mixture be dis¬ 
tilled in a sand-bath, the iirst product obtained is alcohol, but 
afterwards a very different fluid, which is equal in quantity to 
half the alcohol employed. This fluid is called ether. 

Ether is still.more inflammable and volatile than alcohol, 
and equally as colourless. It is the lightest of all known fluids; 
its smell is fragrant and agreeable, but not powerful. Its taste 
is hot and pungent. Its combustion yields a blue flame, and 
rather more smoke than alcohol. It boils at 98*^. It may be 
obtained of the specific gravity of .716. It is a valuable medi¬ 
cine; being used externally for the headach or toothach, by 
pouring a little upon the hand, and pressing it upon the fore¬ 
head, or cheek, till the pain it occasions goes off’. Its in¬ 
ternal use extends to all spasmodic affections. 

The nature of the change produced on alcohol by the acid, 
virhen ether is formed, is not well understood; but it is supposed 
that ether contains a much larger proportion of hydrogen in 
proportion to its carfion. 

If the distillation of ether be continued till sulphurous 
vapours appear, and the recipient be then changed, a new 
product is obtained; it is called the sweet oil of'wine, which is 
unctuous, thick, less volatile than ether, and of a yellow 
colour. The last product obtained by urging the nre, is 
sulphuric acid and acetous acid. 

Instead of the sulphuric acid, ether may be prepared with the 
nitric, the oxymuriatic, the acetic, and several other acids. 
According to the acid employed, its properties differ a little : 
nitric ether is often made, but the sulphuric is the most com¬ 
mon and the most valued.' The peculiar properties of the 
etjj^rs made with different acids, have not been minutely 
examined.,)^ 

Sulphuric ether acts upon most resinous substances; it is 
the best solvent of caoutchouc; it dissolves also the essential 
oils and camphor; mixes in all proportions with alcohol, but 
water only dissolves a tenth of it. It combines with caustic 
volatile alkali; but not with the fixed alkalies or lime. It 
dissolves a little sulphur and phosphorus. 

If fhe ether obtained emit a smlphurous odour, it must he 
purified by a second distillation, previous to which it should 
oe mixed with a little potass, which will combine M[ith the 
acid, and in part with the. water. 
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Utility of tabl«f of attnotioo. 


TABLES OF SIMPLE ELECTIVE ATTRACTION. 

The chemical history of a substance, is constituted by a 
history of its affinities, or in other words, by an account of the 
effects which it produces when combined, either in the humid 
or the dry way, with other bodies. Geoffry, who wrote about 
the year 1718, was the first person who thought of represent¬ 
ing the difl'erent affinities of bodies in a tabular form; and 
the idea so happily suggested by him, has been followed up 
by Bergman, and all subsequent chemists of eminence, with 
great assiduity. His method consisted in placing any given 
substance at the head of a column, and then placing the names 
of other substances which unite with it underneath, in the 
exact order of their affinity for it, placing those first, whose 
affinity is the strongest. Tables of this description afford an 
important summary of chemical facts ; but the subject is too 
comprehensive and complex for them to have yet attained the 
precision and extent which science requires. For example, 
although the carbonic aod. No. 13, has a greater attraction 
for barytes than any of the other substances enumerated be¬ 
neath it, yet it is not established how much greater this attrac¬ 
tion is than that of the other substances mentioned. The 
(bfi'erence of attraction might be expressed in numbers, but as 
the exact state and purity of each substance must be previously 
known, to render these numbers correct, the labour can only be 
accomplished in a long course of time; and even if jhis point 
were gained, something would still be wanting; for the quan¬ 
tities of bodies acting on each other, have often a material 
effect in modifying the effects produced, 

Bergman furnished the ground-work of the following tables. 
Dr. Pearson enlarged and improved his labours, and they have 
been corrected according to recent discoveries. Though they 
extend only to the simplest cases of attraction, they form a 
valuable guide in conducting a variety of experiments 4nd 
operations, and teach us to foretell results of which we should 
otherwise be uncertain, and might lose much time in dis¬ 
covering. 

Those attractions which are said to take place in the humid 
way, require one of the substances at least to be in the fluid 
state; and therefore, as they take place through the medium 
of water, the temperature can but little exceed that of boiling 
water. Those attractions which take place in the drif way, or 
by fire, require one of the substances at least to be in the 
state of fusion. 
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Single ktbii«UoBs. 


1^0. 1. Caloric. 

Oxygen, 

Ether, 

Alcohol, 

Ammonia. 

Water, 


Volatile Oils, 
Glass, 

Mercury, 

Boses of the gases. 


2. Oxygen. 


In ikt humid trajf. In the d$y 

Bases of the muriatic and other Carbon. 


undecomposed acids, 
Carbon, 

Phosphorus, 

Sulphur, 

Light, 

Zinc, 

Copper, 

Lead, 

Iron, 

Silver, 

Platina, 

Mercury, 

Gold, 

Nitrous ^as. 

Muriatic acid. 

Nitrous acid. 

Sulphuric acid. 

White oxide of manganese, 
Hydrogen, 

Volatile oils. 

Alcohol, 

Water. 


Zinc, 

Iron, 

Hydrogen, 

Manganese, 

Cobalt, 

Nickel, 

Lead, 

Tin, 

Phosphorus, 

Copper, 

Bismuth, 

Antimony, 

Mercury at 600® 

Arsenic, 

Sugar, 

Sulphur, 

Gold, 

Silver, 

Platina, 

Mercury at above 1000® 
White oxide of manganese 


3. Sulphur. 


Oxygen, Oxygeh, 

Motybdic oxide mid acid. Potass, 
OxIm of lead. Soda, 

.tin. Iron, 

.silver. Copper, 







•CHEMISTET 


509 


Simple elective attreotioiu. 


SuLPHifR (continued) 


In the humid way. 

Oxide of mercury, 

. arsenic, 

.antimony, 

.iron. 

Fixed alkalies, 
Barytes, 

Strontian, 

Lime, 

Magnesia, 

Phosphorus, 

Fat oils. 

Ammonia, 

Ether, 

Hydrogen gas. 


In the dry way. 

Tin, 

Lead, 

Silver, 

Cobalt, 

Nickel, 

Bismuth, 

Antimony, 

Mercury, 

Arsenic, 

Uranium, 

Molybdena, 

Tellurium. 


4. Alumine. 


Acid, sulphuric, 

• ••• nitric, 

• • • • muriatic, 

fluoric, 

• • • • arsenic, 

• • • • oxalic, 

• • • • suberic, 

• • •• tartaric, 

• • • • succinic, 

• • • • mucous, 

• • • • citric, 

• • • • phosphoric, 

• • • • benzoic, 

• • • • acetous, 

• • • • boracic, 

• • • • sulphurous, 

• • • • nitrous, 

• • • • carbonic, 

• • • • prussic. 
Potass, 

Soda, 

Barytes, 

Strontian. 


Acid, phosphoric, 

• • • • boracic, 

• • •• arsenic, 

• • • • sulphuric, 

• • • • nitric, 

• • • • muriatic, 

• • • • sebacic, 

• • • • fluoric, 

•••• succinic, 

• • • • lactic, 

• • • • benzoic, 

• • • • acetous. 
Potass, 

Soda, 

Sulphur, 

Oxide of lead. 
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Simple elective ettritctianM. 


In the humtd way. 

Fluoric acid. 

Potass, 

Soda, 

Barytes, 

Strontian. 


5. Si LEX. 

Im Iht dry way 

Potass, 

Soda, 

Phosphoric acid, 
Oxide of lead. 


6. Magnesia. 


Acid, oxalic, 

• ••• phosphoric, 

• ••• sulphuric, 

• • • • fluoric, 

•. • • sebacic, 

•»•• arsenic, 

• ••• mucous, 

• ••• succinic, 

• • • • nitric, 

• • • • muriatic, 

• • • • suberic, 

• • • • tartaric, 

• ••• citric, 

• • • • lactic, 

• • • • benzoic, 

• • • • acetous, 

- • • • boracic, 

• • • • sulphurous, 

• • • • carbonic, 

• ••• prussic, 
Sulphur. 


Acid, phosphoiic, 

• • • • boracic, 

• •• • arsenic, 

• • • • sulphuric, 

• • • • succinic, 

’• • • • fluoric, 

• • • • nitric, 

• • • • muriatic, 

• • • • suberic, 

• • • • sebacic, 

• • • • lactic, 

• • • • benzoic, 

• • • • acetous. 
Fixed alkalies. 
Sulphur, 

Oxide of lead. 


7. Lime. 


Acid, oxalic, 

.... sulphuric, 
.... tartaric, 

... succinic, 

.... phosphoric, 
.... mucous, 
.... nitric, 


Acid, phosphoric, 

• • •. boracic, 

.. •• arsenic, 

•.. * sulphuric, 
.... succinic, 

• • •. fluoric, 

.... nitric. 
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In the humid way- 

Acid, muriatic 

• • • • sebacic, 

• • • • suberic, 

• • • • fluoric, 

• ••• arsenic, 

• • • • citric, 

• • • • malic, 

•••• benzoic, 

• • • • acetous, 

• • • . boracic, 

• • • • sulphurous, 

• • • • nitrous, 

•••• carbonic, 

• • • • prussic. 
Water, 

I'at oils, 

Sulphui, 

Pliosjitiui us. 


Simple elertive attractions. 


Lime (continued.) 

In the dry reay. 

Acid, muriatic, 

• • • • suberic, 

• • • • sebacic', 

• • • • lactic, 

• • • • benzoic, 

• • • • acetous. 
Fixed alkalies. 
Sulphur, 

• Oxide of lead. 


8. Barytes. 


Acid, suljihunc, 

• • • ■ oxalic, 

••• • succinic, 

• • • fluoric, 

• • • • pliosphonc, 

• • • • mucous, 

• • • • molybdic, 

• • • • nitric, 

■ • • • muriatic, 

• • • • sebacic, 

• • • • suberic, 

• • • • citric. 

• • •• tartaric, 

• • •• arsenic, 

•••• benzoic, 

• • «• acetous, 

• • • • boracic, 

• ••• sulphurous, 

• • • • nitrous, 

• • • • carbonic, 

• • •• prussic. 
Water. 

48.--VOI.. ir. 


Acid, phosphoric, 

• • • • boracic, 

• •• • arsenic, 

• • • • sulphuric, 

• • • ' nitric, 

• • • ■ muriatic, 

• • • • fluoric, 

• • • • sebacic, 

• • • • succinic, 

• • • • benzoic, 

• • • • acetous. 
Fixed alkalies, 
Sulphur, 

Oxide of lead. 


3 T 
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Simple eieotive attractioas. 


Barytes (continued.) 


/• Ifu kuinid tooy. 

Fat oils, 

Sulphur, 

Sulphuretted hydrogen, 
Phosphorus. 


Acid, sulphuric, 

• • • • nitric, 

• • • • muriatic, 

• • • • sebacic, 

■ • • • fluoric, 

• ••• phosphoric, 

• • • • oxalic, 

• • • • tartaric, 

• •• • • arsenic, 

• • • • succinic, 

• • • • citric, 

• ••• benzoic 

• • • • acetous, 

• • • • mucous, 

• • • • boracic, 

• • • • sulphurous, 

• • • • nitrous, 

• • • • carbonic, 

• •• • • prussic, 

W ater. 

Fat oils, 

Sulphur, 

Metallic oxide.s. 


In th$ dry way. 


9. Potass. 

Acid, phosphoric, 

• • • • boracic, 

• • •• arsenic, 

• •. • sulphuric, 

•" • • nitric, 

• • • • muriatic, 

• • • • sebacic, 

• • •. tluoric, 

• • • • succinic, 

• • •. benzoic, 

• • • • acetous. 
Barytes, 

Lime. 

M agnesia, 
Aluinine, 

Si lex. 

Sulphur. 


10. Soda and Ammonia. 

Follow the same order as potass, both in the hum d and the 
dry way, except that with ammonia, the sulphuric acid comes 
first in both. 


11. Sulphuric Acid. 

Barytes, 

Strontian, 


Potass 

Soda, 
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Simple elective attractions. 


Sulphuric Acid (continued.) 

In the humid way. In the dry way. 


Potas! 

Soda, 

Lime, 

Magnesia, 

Ammonia, 

(ilucine, 

Y ttria, 

Alumine, 

Zircon, 

Metallic oxides. 
Water, 

Alcohol. 


Barytes, 

Strontian, 

Lime, 

Magnesia, 

Zircon, 

Metallic oxides, 

Ammonia, 

Alurnine. 


12. Nmious, Nitric, Muriatic, Ox y-muriatic, and Ni- 

TRO-MURIATIC AciDS. 


Potasfc, 

Soda, 

Ba ryles, 
Strontian. 

Lime, 

Magnesia, 

Glncine, 

Y ttria, 

Alumine, 

Zircon, 

Metallic oxides, 
Water, 

Alcohol. 


Barytes, 

Strontian, 

Potass, 

Soda, 

Lime, 

Magnesia, 
Metallic oxides, 
Ammonia, 
Alumine. 


13. Carbonic Acid. 

In the htmid way. 

Barytes, 

Strontian, 

Lime, 

Potass, 

Soda, 

Magnesia, 

Ammonia, 

Alumine, 
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Simplo elective »ltr«ctions. 


Carbonic Acid (continued.) 

In (A« humid w<ty. 

Metallic oxides. 

Water, 

Alcohol. 


14. Fluouu- Acid. 


In the humid wiii/. 


In Iht dry way. 


Lime, 

Lime, 

Barytes, 

Barytes, 

Strontian, 

Strontian, 

Magnesia, 

Magnesia, 

I’otUv'^S, 

Aluniine, 

Soda, 

l\itass, 

Ammonia, 

Soda. 

(llucine. 

Metallic oxides. 

.‘Vlumine, 

A niiuonia. 

Zircon, 

Aluniuif. 

Metallic oxides, 

Silex, 

Water, 

Alcohol. 

N. B. In the humid waif, the Boracic, the Arst 


Stic, the Oxalic, the Tartaric, and Phosphoric acnh, follow 
the same order as the Fluoric, taking out silcx. 

In the dr^ way, the Boracic, the Ar.scnic, the Benzoic, the 
Phosphoric, and the Sebacic, follow the same order as the 
P’luoric. 


1.0. Molybdic Acid. 

In the humid way. 

Sulphur, 

Potass, 

Soda, 

The earths. 

Metallic oxides. 


16. Chromic Acid. 

In the humid way. 

Potass, 

Soda, 

Oxide of lead, 

.copper. 
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Simple elective attractioDS. 


17. Acetous and Lactic 
Acids. 

In tht humul way. 

r)arytes, 

Potass, 

Soda, 

Strontian, 

Lime, 

Ammonia, 

Magnesia, 

Aletallic o.vides, 

(jlucine, 

Alumine, 

Zircon, 

\V ater, 

A icoliol. 


19. Mucous Acid. 

Ill the humid way. 

Lime, 

Paryf cs, 

Magnesia, 

Potass, 

Soda, 

Ammonia, 

Alumine, 

Metallic oxides. 

Water, 

Alcohol. 


21. Oxide op Peatin.v. 


18. Succinic Acid. 

In tJte humid way. 

Barytes, 

Lime, 

Potass, 

Soda, 

Ammonia, 

INIagnesia, 

Alumine, 

Metallic oxides. 

Water, 

Alcohol. 

N. B. The Citric and Benzoic 
acids follow the same order, 
except that lime should come 
before barytes; and for the 
Citric, zircon should be added 
after alumine. 


20. Prussic Acid. 

/» the humid way. 

Potass, 

Soda, 

Ammonia, 

Lime, 

Barytes, 

Strontian, 

Magnesia, 

Alumine, 

.Metallic oxides, 

Water, 

Alcohol. 


22. Pi. \tin A 


III the humid way 

Acid, gallic, 

• • ■ • mnriatic, 

• • • • nitric. 


In the dry way. 

Arsenic, 

Gold, 

Copper, 
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OxiDEofPLATlN A (cOnti 

nued) Platina (continued.) 

In Ikt humid way. 

In iht dry way. 

Acid, sulphuric. 

Tm. 

•♦• • arsenic, 

Bismuth, 

• • fluoric. 

Zinc, 

• • • • tartaric. 

Antirnonv, 

• • • • phosphoric, 

Nickel, 

• • • • sebacic, 

Cobalt, 

• • • • oxalic. 

Manganese, 

• • • • citric. 

Iron, 

• • • • acetous. 

Lead, 

* * • • succinic. 

Silver, 

• • •• prussic, 

Mercury, 

• • • • carbonic. 

Alkaline sulphurcta. 

Ammonia. 


23. Oxide of Gold. 

24. Gold. 

Acid, gallic. 

Mercury, 

• • • • muriatic. 

Cojiper, 

• • • • nitiic. 

Silver, 

• • • • sulphuric, 

Lead, 

■ • • • ar.'.emc. 

Bismuth, 

* • • • fluoric. 

Tin, 

• • • • tartaric. 

Antimony, 

• • • • phosphoric^ 

Iron, 

• • • • acetous. 

Platina, 

■ • • • sebacic, 

Zinc, 

• • • • prussic. 

Nickel, 

Fixed alkalies, 

Arsenic, 

Ammonia, 

Cobalt, 

Sulphuretted hydrogen. 

Manganese, 

Alkaline sulphurets. 

25. Oxide of Mercerv. 

26. Mercury. 

Acid, sebacic. 

Gold, 

• • • • gallic. 

Silver, 

•. • • muriatic. 

Platina, 

. • • • oxalic. 

Lead, 

•. • • succinic. 

Tin, 

.... phosphoric. 

Zinc, 

• •. • sulphuric. 

Bismuth, 

• •. • mucous. 

Copper, 
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Oxide of Mercury (continued.) Mercury (continued.) 


In tJie humid way. 

Acid, tartaric, 

• • • • citric, 

• • • • malic, 

• • • • sulphurous, 

• • • • nitric, 

• • • • fluoric, 

• • • • acetous, 

• • • • benzoic, 

• • • • boracic, 

' • •• prussic, 

• ••■ carbonic, 
Aininoma. 


Ill the dry way. 

Antimony, 

Arsenic, 

Iron, 

Alkaline sulphurets 
Sulphur. 


27. Ox!DE OF Lead. 


2S. Lead. 


Acul <;ailic, 

Gold, 

• • • • sulphuric, 

Silver, 

• • • • St bucic, 

Copper, 

• • • • IIUICOUS, 

Mercury, 

• ■ • • oxalic. 

Ibsmutii, 

•• • • arsenic. 

Tin, 

• • • • taitaric, 

Antimony, 

• • • • jiliosplioric, 

Platina, 

• ■ • • muriatic. 

Arsenic, 

• • ' • sulphurous. 

Zinc, 

• • • • suberic. 

Nickel, 

• • • • nitric. 

Iron, 

• • • • fluoi ic. 

Alkaline su 

• • • • citric, 

• • • • malic, 

• • • • succinic, 

• • • • acetous, 

•••• benzoic, 

• • • • boracic, 

• • •• prussic, 

• • • • carbonic. 

Fixed alkalies. 

Fat oils. 

Ammonia. 

Sul])hur. 
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29. 0x1 i)i: OF Sn.\ f.k’. 


;K). 4?>ii,vf.r. 


1h the huami iruy. 

Acid, f^allic. 

• • ■ • muriatic, 

• • • • scbacic, 

• • • • oxalic. 

• • • • sulphuric, 

• • • • mucous, 

• • • • phosphoric, 

• ••• sulpliurous, 

• • • • nitric, 

• • • • arsenic, 

• • • • fluoric, 

• • • • tartaric, 

• • • • citric, 

• • • • succinic, 

• • • • acetous, 

• • " • jirussic, 

• ••• carbonic, 
Ammonia. 


In Ihi' drtj way. 

Lead, 

C'opper, 

Meicury, 

Bisiuutii, 

Tin, 

Gold. 

Antimoiiv, 

Iron, 

M an^anese. 

Zinc, 

Arsenic, 

Nickel, 

Platina, 

Alkaline sulpluiu {>. 


31. Oxide of Nickel. ‘22. Nickei,. 


Acid, oxalic, 

• • • • muriatic, 

• • • • sulphuric, 

• • • • tartaric, 

. •. • nitric, 

• • • • sebacic, 

• • • • phosphoric, 

• • • • fluoric, 

• • • • mucous, 
.... succinic, 
.... citric, 

.... acetous, 
.... arsenic, 

.... boracic, 
.... prussic, 
.... carbonic. 
Ammonia. 


Iron, 

Cobalt, 

Arsenic, 

Copper, 

Gold, 

Tin, 

Antimony, 

Platina, 

Bismuth, 

Lead, 

Silver, 

Zinc, 

Alkaline sulphureU, 
Sulphur. 
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33. Oxide of'Copper^ 

34. Copper. 

In th« hmmid teay. 

In th» dry may. 

Acid, gallic. 

Gold, 

• • • • oxalic. 

Silver, 

• • • • tartaric. 

Iron, 

• • • • muriatic. 

Arsenic, 

• • • • sulphuric, 

Manganese, 

• • • • mucous. 

Zinc, 

• • • • nitric. 

Antimony, 

• • • • sebacic. 

Platina, 

• • •• arsenic. 

Tin, 

• • • • phosphoric. 

Lead, 

• • • • succinic. 

Nickel, 

• • • • fluoric. 

Bismuth, 

• • • • citric. 

Cobalt, 

• • • • acetous. 

Mercury, 

• • • • boracic. 

Alkaline sulphurets. 

- • •• prussic. 

Sulphur. 

• • • • carbonic, 


Potass, 


Soda, 


Ammonia, 


Salts, 


Fat oils. 


36. Oxide of iron. 

36. Iron. 

Acid, gallic. 

Nickel, 

• • • • oxalic. 

Cobalt, 

• • • • tartaric. 

Manganese, 

• • • • camphoric. 

Arsenic, 

• • • • sulphuric. 

Copper, 

• • • • mucous. 

Gold, 

• • • • muriatic. 

Silver, 

• ♦ • • nitric. 

Tin, 

• • • • suberic. 

Antimony, 

• • • • phosphoric. 

Platina, 

• • •• arsenic. 

Bismuth, 

• • • • fluoric. 

Lead, 

• • • succinic. 

Alkaline sulphurets. 

• • • • citric. 

Sulphur. 

.... acetous. 


48.~Vol. II. 

3 U 

« 










SinipJe «iecu«« Kttraetion!t. 


or Iron (continutd.) 


In tk* httmid imy. 

In tht di ff icmj. 

Acid, boracic. 


• • • • prussic, 


• • • • carbonic. 



o/. OxiDc OF Tin. 


Tin. 

Acid, gallic, 

Zinc, 


• • • • sebacic, 

Mercury. 


• • • • tartaric. 

Copper, 


• • • • ni uriatic. 

Aritinionv, 


• • • • sulphuric, 

(Jold, 


• • • • oxalic. 

Sih » r, 


' • • • arsenic. 

Lead, 


• • • • phosphoric. 

Iron, 


• • • • nitric, 

Maiujanese, 


• • • • succinic. 

Nickel, 


• • • • fluoric. 

Arsenic, 


• • • • mucous. 

Platma, 


• • • • citric. 

Bismutli, 


• • • • acetous, 

Cobalt, 


* • • • boracic. 

Alkaline sul 

pliui et^ 

• • • • prussic. 

Potass, 

Soda, 

Ammonia. 

Sulphur. 



39. Zinc, 

40. ZiN< 

Acid, gallic. 

Copper, 

• • • • oxalic. 

Antimony, 

• • • • sulphuric, 

Tin, 

• ••• muriatic. 

Mercury, 

• • • • mucous. 

Silver, 

.... nitric. 

Gold. 

• • • • sebacic. 

Cobalt, 

.. • ♦ tartaric. 

Arsenic. 

•. • • phosphoric. 

Platina, 

• • • • citric. 

Bismuth, 

.... succinic 

JLead, 

• • • • fluoric. 

iKickel, 

• • • • arsenic. 

Iron. 
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Zinc (continued.) 


In the humid way. 

In the dry 

Acid, acetous, 


• • • • boracic. 


• • • • prussic, 


• • • • carbonic, 


bixed alkalies. 


Ammonia. 



41. 0 x 1 dp: or Bi.sml:iii. 

42. BlSMliTH 

Acid, oxalic, 

Lead, 

• ••• uiscnic. 

Silver, 

• • ■ . till tlU’lC, 

Gold, 

• • • • jihospbonc, 

Mercury, 

• • •. sulpliuiic. 

Antimon), 

• • • • sebacic. 

tin. 

. • • . nmriatic. 

Copper, 

• • • • nitric. 

Platina, 

■ • • • til.one. 

Nickel, 

• • • • mucous. 

Iron, 

■ • • succinic. 

Zinc, 

• • ■ • citric. 

Alkaline sulpliurets. 

• • • • acetous, 

• • • • jirussic, 

• • • • carbonic. 

Ammonia. 

Sulphur. 


43. Ox uni or Aksemc. 

44. Arsenic 

Acid, gallic, 

Nickel, 

• • • • muriatic. 

Cobalt, 

• ■ • • oxalic. 

Copper, 

• • • • sulphuric. 

Iron, 

• • • • nitric, 

Silver, 

• • • • sebacic. 

Tin, 

• • • • tartaric, 

Lead, 

• • • • phosphoric. 

Gold. 

• • • • tiuoric, 

Platina, 

• • • • mucous. 

Zinc, 

• • • • succinic. 

Antimony, 

• • • • citric. 

Alkaline sulphurets. 

•••• arsenic. 

Sulphur. 
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Oxide of Arsenic (continued.) 

In Un kmnid nmif. In tk« dry wty. 

Acid, acetous, 

.... prussic. 

Fixed alkalies, 

Ammonia, 

Fixed oils. 

Water. 


45. Oxide of Antimony. 

Acid, gallic, 

•.. * sebacic, 

•. • • muriatic, 

• •.. benzoic, 

•... oxalic, 

•... sulphuric, 

•... nitric, 

.... tartaric, 

• •.. mucous, 

• • • • phosphoiic, 

• -.. citric, 

• •.. succinic, 

• • • • fluoric, 

.... arsenic, 

.... acetous, 

.... boracic, 

• • •• prussic, 

• • • • carbonic. 

Sulphur, 

Fixed alkalies. 

Ammonia. 


47. Fixed Oils. 

In tJU hnmid wmy. 

Barytes, 

Strontian, 

Lime, 

Ether, 

Volatile oils. 

Potass, 

Soda, 


46. Antimony. 

Iron, 

Copper, 

Tin, 

Lead, 

Mickel, 

Silver, 

Bismuth, 

Zinc, 

Gold. 

Plntina, 

Mercury, 

Arsenic, 

Cobalt, 

Alkaline sulphurets. 
Sulphur. 


48. Volatile Oils. 

In the hnmid wmy. 

Ether, 

Alcohol, 

Fixed oils. 

Fixed alkalies. 

Sulphur, 

Phosphorus. 
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Fixed Oils (continued.) 

In thn humid way. In th» humid way. 

IVlagnesia, 

Ammonia, 

Oxide of mercury, 

Other metallic oxides, 

Alumine, 

Sulphur, 

Phosphorus. 


49. Alcohol. 

Water, 

F.ther, 

Volatile oils, 
Ammonia, 

Fixed alkalies, 
Alkaline sulphurets, 
Sulphur, 

'Muriates, 

Phosphoric acid. 


50. Ethl 

Alcohol, 

Volatile oils. 
Water, 

Sulphur, 

Phosphorus, 

Caoutchouc. 


The preceding tables illustrate cases of simple affinity with 
respect to substances of the most frequent recurrence; a few 
words will suffice to explain their application. If it be re¬ 
quired to decompose an aqueous solution of muriate of soda, 
the first inquiry is, whether the acid or the soda is to be set 
at liberty. If the acid, then find a substance whose affinity 
for soda is greater than that of muriatic acid, and turning 
to the first column of No. 9, which shews the affinities of 
soda in the humid way, the substances sulphuric and nitric 
acid stand above the muriatic; the addition then of either 
of these to the given solution, will decompose the salt, and 
the acid will be obtained in a disengaged state.—If the 
soda be wanted, turn to the first column of No. 12, exhibiting 
the affinities of the muriatic acid in the humid"way, and it 
will be found that the affinity of potass for that acid is 
greater than that of soda; hence by using potass the soda 
will be set free. 

Citrate of lime affords an example of a case a little different 
to the above: if this compound is to be decomposed, we find 
from No. 18, that it cannot be done so as to set at liberty the 
lime, because, (from the remark subjoined to that table,) it 
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iipj>(*ars that lime, tor a table of the citric acid, would be first 
in the column, as it has a greater aflinity for that acid than 
any other substance; but from No. 7, in tlie first column of 
lime, it may be seen that no less than twelve acids will each 
of them separate the lime so as to leave the citric acid at 
liberty. The lime, however, may be separated by another 
j)rocess: suppose, for instance, that muriatic acid has been 
employed to precipitate the citric acid, and the muriate of 
lime thus formed be removed into another vessel, then by 
referring to No. 1'2, it a])pear-^ that lliert art: four sub.stances 
that have a greater alhuity fur muriatic acid than lime, and 
therefore any one ol them will juin the acid and disengage 
the lime. 

The columns exhibiting atlinities in the dry \\ay, are vii 
their construction siimlar to the other, that is. the substances 
enumerated are placed aceuvJne:: to the strength ot thtir 
attraction for the substance at the heail ol each, but in otbei 
respecl.s they are to !/e consulert d as ptihetly distinct; 
although tluir situation in tlie pie.si iit airangi.ineiit, aliord.s 
an opportunity for coniparisons, uhnh it may in se\tral 
instances be interesting to make. 'Ihe aliuuties uhich^ 
take place among bodie.'i in tusiun. ililler Iroin those 
in the humid uay, by their iK>t aiiording jnecipitates; 
tin re fore when the bodies in this way puseiited to each 
otiier, are perfect fluids, there is no sepaiation ol their com¬ 
ponent parts. 

liergmau has adopted a symbolical uiode ol representing 
afhnities: supposing magnesia to be presented to a solutiou 
of sulphate of potass, no decomposition will follow, and he 
would state the case thus; 

i Pota.-ss 

Sulphate of potass-^ 

f Sulphuric acid Magnesia. 

In this scheme, the sulphate of potass is connected by a 
vertical bracket with its two component parts—potass and 
sulphuric acid. Horizontally opposite the sulphuric acid is 
placed magnesia, to denote that it is presented to that acid, 
with whicli it is not connected by a bracket, because the 
magnesia and sulphuric acid do not unite, magnesia not 
having the power to decompose sulphate of potass. But 
in a case where decomposition ensues, the representa¬ 
tion would have been delineated in the following man¬ 


ner: 
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t Mn'^nesia 

Sulphate of magnesia J 

( Sulphuric acid Potass 

Sulphate of potass. 

Here the bracket under the sulphuric acid and potass 
denotes, that these two substances unite, and form the 
compound written under it, vi/.. sulphate of potass. The 
point of the bracket is turned up, to denote that the com¬ 
pound remains in solution. Ihe inagne.sia i.s disenc'^awed, 
and hall a bracket with the jioint dowmv.aid, is jilaced 
over-it, to denote that it falLs to the bottom, or is preci¬ 
pitated. 

Ihe lollowing is an example ol the e.xpression of compound 
affinities: 


Muriate of jiotass 


Sulphate of 
potass 


Potass iNIuriutic acid 

+ 23-So 

Sulphuric acid 54 Lime 
8t) 


Muriate of 
lime 


"V" 


Sulphate of lime 


The attraction between the potass and sulphuric acid is 
expressed by the number 62; and the attraction between the 
muriatic acid and lime is expressed by the number 23. The 
sum of these numbers, viz. 85, expresses the tendency to pre¬ 
serve the original forms of sulphate of potass and muriate ot 
lime. On the other hand, the attraction between the potass 
and muriatic acid is expressed by 32, and the attraction be¬ 
tween sulphuric acid and lime by 54. The si|m of these num¬ 
bers is 86, which expresses the force tending to decomposition, 
and as it exceeds the force of composition, the double decom¬ 
position will take place. 

The numerical expression of affinities has been attempted by 
Morveau, in the following table, with respect to the alkalies, 
three of the earths, and the five principal acids. By this 
means, the comparative force of the attractions of the bodies 
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coneeroed are indicated, and the assistance afibrded as to the 
probability of any particular decomposition, is materially 
^eater than the tables we have already given will afford. It 
15 by tables of this kind only that compound attractions can 
be developed. * 

Numerical Expression of Affinities. 
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m'EING. 


Dyeing is the art of communicating colours to the various 
stuffs used in clothing. 

The object which the dyer has in view, is to give stuffs 
a uniform and durable colour, at the same timo that he entirely 
preserves their original texture. He therefj>re uses colours 
in solution, in order that their particles may apply them¬ 
selves to the individual fibres of the stuff, according to their 
affinity for it. When, for example, a quantity of wool, freed 
from all impurity, is dipped into the solution of any colouring 
matter, if the fibres of the wool have a stronger attraction for 
the colouring matter than the water or other menstruum which- 
holds that colour in solution, the colouring matter will leave« 
its solvent, and apply itself to the Wood, which will by tJbat^ 
means be dyed; its fibres will have become covered with the 
colouring matter; and if their attraction for it be so strong, 
that the action of soap, air, and light, or other ordinarymei^ns* 
of exposure, shall have no perceptible effect in decomposing 
the combination, or, in other words, of injuring its tinge, the 
colour is said to be permanent. 

It may happen, however, and in dyeing it generally hap¬ 
pens, that the colouring matter which it is desirable to eih- 
ploy, has either no attraction, or but a ve^ weak attraction, 
for the ^|res of the stuff to be dyed. In this case, it is 
necessary ^o employ a third substance, which has a strong 
attraction both for the colouring matter and the stuff, and* 
which consequently becomes the intermedium by which the 
dye is fixed upon the fibres of the stuff: the substance or 
intermedium thus used is called a mordaut. 

Dyes of the first ^ss, or those which require no mordant, 
are called dyes. Indigo and woad are the 

onW substances in use of this description^ 

Dyes of the second class, or those which require a mordant 
to fix them, are called yitfse or little dyes. Another mode of 
denominating the difference, is to call the former class 
substantive, and the latter adjective colours; and these 
terms, after the example of Bancroft, ijre not uncommonly 
used. , 

The most usual stufia or materials which are inquired to be 
dyed, are wool, silk, cotton, and linen. Each at these sttli* < 
49.—VoL. II. ? 
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stances requires tome difference in its mode of treatment, to 
which we thall advert, after a few remarks with respect to> 
mordants, and observing also that the terms doth, and dvff, 
will be used at general terms for all materials subjected to 
dyeing. 

Mordants. 

The substances most usually employed as mordants, are 
earths, metallic oxides, the astringent parts of vegetables, and 
fixed oils. That the earths are essentially the same as me> 
tallic oxides, cannot be doubted; but it here answers the 

n mse of perspicuity, to mention them separately. 

lumim is the most important and generally used of all the 
earthy mordants. Its attraction for the animal substances, 
wool and silk, is very strong, but it is only weak for the vege¬ 
table substances, cotton and linen. Its attraction for vege¬ 
tables seems to be almost entirely confined to their colouring 
matter. It is not used in its simplest state, but in that of a 
sulphate or acetate. 

Alum, which is the sulphate of alumiiie and potass, when 
used as a mordant, is dissolved in water, and very frequently 
a quantity of tartar (super-tartrate of potass) is dissolved along 
with it. Into this solution is put the cloth, and kept in it 
till it has absorbed as much alumine as may be necessary. It 
is then taken out, and for the most pari washed and dried. 
The tartar serves two purposes; the potass it contains com¬ 
bines with the sulphuric acid of the alum, and thus prevents 
that powerful acid from injuring the texture of the cloth; and 
the tartaric acid, combining with part of the alumine, forms a 
tartrate of alumine, which is more easily decomposed by the 
stuff than alum. 

Acetate of alumine is chiefly employ ed for cotton and linen ; 
they derive from* it a greater quantity of alumine than they 
would from alum, and consequently afford more |>ermanent 
and finer colours. This mordant is prepared by pouring 
acetate of lead into a solution of alum; in the proportion of 
- one part of the acetate of lead to three of the alum by wei^t, 
with a sixteenth of potass, and as much powdered chalk; the 
sulplMiric acid and lead form an insolunle precipitate, while 
the idumine and acetic acid remain combined in the solution. 
Tbeohslk and potass combine with the excess of acid. 

bee e strong altra<^ion for cloth, and may therefore be 
emplojfod , as a mordmit; but it readers colours dull. When 
iisad, ^ll^ther in th^ sMte of lime-water, or of sulphate of 
. )ime dissolved in water. 
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Metallic oxides haire in general a strong attraction f$r 
eoloaring matters and for animal substances; but the otiljT 
oxides which are extensively used by the dyer, are those of tm 
and iron. Each of these metals may be used at two degrees 
of oxidizement; the second oxide of each is in tin white, and 
in iron red, and as the oxides with a less proportion of oxygen 
than these are not permanent, but are respectively converted 
into the white and red, merely by exposure to the air, or in 
the coarse of the process for using them, we may consider the 
white and red oxides as the only oxides of these metals which 
are employed. 

Tin is used as a mordant in three states; dissolved in nitro- 
muriatic acid, in acetous acid, and in a mixture of sulphuric 
and nitric acid. Nitro-muriate of tin is the mordant most 
commonly employed. The mode in which it is prepared is 
given at page 389, of this volume. The tin employed is about 
one-eighth of the weight of the acid. It demands experience 
and care to manage the solution well; a particular state of the, 
acid, not perfectly understood, appears to be required. The ” 
solution should be of a bright yellow; if it become milky, 
which it. sometimes does, it is unfit for use. It is a general 
precaution not to use th^ acid, which is called dyer’s aqua¬ 
fortis, till it has been kept at least a year. The nitro-muriate 
of tin is largely diluted with water, the cloth is then dipped 
into it, and allowed to remain till saturated, after w’hich it is 
washed and dried. Tartar is generally added to the solution, 
for much the same reason that it is added to the mordant of 
aiuinine, prepared with alum. 

Dr. Bancroft recommends a mixture of sulphuric and muri¬ 
atic acid as a mordant for wool; it is cheaper than the nitro- 
muriate, and is equally as efficacious. One part of tin, two 
of sulphuric acid, and three of muriatic acid, may be em¬ 
ployed. 

Haussman considers the acetate of tin preferable to 
"he nitro-muriate, in the dyeing of cotton and linen. He 
prepares it by mixing acetate of lead and nitro-muriate 
of tin. 

The strong affinity of the red oxide of iron for cloth- is 
evinced by the fixedness of the spots called iron-moulds, 
which appear rather to brighten than otherwise under the 
ordinary course of washing. Iron is employed either in the 
state of a sulphate or acetate; the sulphate dissolved in water 
is commonly used for wool; for other substances, the acetate 
is preferred. It is prepared by dissolving iron in vinegar or 
alegar, and is not ready for use in less than six weeks or two 
months. 
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The astringent Tegeiables most cominouly employed are 
nut-galU and Bumach; tannin, which is supposed to be 
the same with the astringent principle, has a strong affinity 
for cloth, and for several colouring matters. The cloth 
is prepared for dyeing, by dipping it in an infusion of the 
astringent. Mordants of this class are mostly used for grave 
colours. 

Oil is used as a mordant in dyeing cotton and linen a fine 
red: their fibres being covered with a thin stratum of it, 
are then in a state to attract aluroine, by which the colour 
is received. Several other substances are also employed, 
which, like oil, are thus found useful as intermediates, 
although the mode of their action is not always apparent. 
Tartar and common salt have already been mentioned ; acetate 
of lead, muriate of ammonia, sulphate of copper, acetate of 
copper, and many other substances, might be added to th«,‘ 
number. They are used frequently only to change the shade 
of the colour. 

* Dyeing is completely a chemical art; all its effects arc pro¬ 
duced by the operation of affinities or attractions, and a know¬ 
ledge of these must be derived from chemistry. Berthollet 
thus treats of the action of mordants: 

Metallic colours roust be distinguished from those which 
are peculiar to veg^’table and animal substances. 

The colours of vegetables are modified and changed by oxida¬ 
tion, according to the degree to which it is carried. 

Vegetable and animal substances may themselves possess a 
peculiar colour, which varies in the different states through 
which they pass; or they may owe their colours to tinging 
particles, either combined or simply mixed with them. These 
are the particles extracted from different substances, and 
which undergo different preparations, to fit them for the pur¬ 
poses of dyeing. 

The colouring particles have chemical properties which dis¬ 
tinguish them from all other substances: the attractions which 
they have for acids, alkalies, earths, metallic oxides, oxygen, 
ahd cloth, constitute the chief of these properties. 

According to the attraction which the colouring psrtieles 
have for wool, silk, cotton, or linen, they unite more or less 
readily, and more or less intimately, with each of these sub¬ 
stances, and thence arises the first cause of Tariation in the 
processes employed. 

^ the attraction which the colouring particles have for 
afan^iise and metallic oxides, they form compounds with these 
snhihKbcef, in which their oplour is more or lest modified, 
hiconajib mote fixed, and more difficultly affected by external 
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agents than before. This compound being forined of prin¬ 
ciples, which have separately the power of uniting with vege 
table substances, and more especially with animafsubstances, 
preserves this property, and forms a triple compound with the 
cloth; and the colour, which has been again modified by the 
formation of this triple union, acquires a greater degree of 
fixity, and of indeslructibility by external agents. The colour¬ 
ing particles have frequently so great an attraction for alumine 
and metallic oxides, that they separate them from acids which 
held them in solution, and fall down with them; but the at¬ 
traction of the stuff is sometimes necessary, in order to pro¬ 
duce this separation. 

The metallic oxides which combine with the colouring 
particles, modify their colours, not only by their own, but 
also by acting upon their composition by means of their oxy¬ 
gen. Tile change which the colouring particles thus suffer, is 
similar to that occasioned by the air, which injures all colours 
more or less. 

Of the principles which compose the atmosphere, it is only 
the oxygen which acts upon the colouring particles; it com¬ 
bines with them, and weakens their colour; but its action is 
principally exerted on the hydrogen which enters into their 
composition, and with which it forms water. This change, 
which in effect is a species of combustion, renders the char¬ 
coal which enters into the composition of the colouring par¬ 
ticles predominant, and the colour commonly changes to 
yellow, fawn-colour, or brown; or the injured part, by uniting 
with what remains of the original colour, produces other 
appearances. 

Light favours the combination of the colouring particles, 
which frequently cannot take place without its aid; and it is 
thus that it contributes to the destruction of colours. Heat 
promotes it also, but less powerfully than light, unless it has a 
certain degree of intensity. To a similar combustion are to 
be attributed the effects of the pale nitric acid, of the oxy- 
inuriatic acid, and even of the sulphuric acid, when they make 
the colours of substances pass to a yellow, and even to a black. 
The efi'ects of combustion may, however, be concealed by the 
oxygen combining with the colouring particles, without acting 
particularly on the hydrogen. 

Colours are more or less durable, or more or less fixed, ac¬ 
cording to the greater or less disposition of the colouring par¬ 
ticles to undergo combustion, and to allow it to go on to a 
more or less advanced state. 

Some substances are also capable of acting on the colour of 
cloth, by a superiority of attraction, or by a solvent power; 
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ftnd in this consists the muai ection of acids^ alkalies, end 
soap. A small quantity of these agents, however, may some^ 
times form eupra>compounds with the cloth, and thereby 
change its colour. 

Metallic oxides produce, in the colouring particles with 
which they unite, a degree of combustion proportioned to the 
quantity of oxygen which can be taken from them by these 
particles. The colours which the compounds of metallic 
oxides and colouring particles assume, are therefore the pro¬ 
duct of the colour peculiar to the colouring particles, and of 
that peculiar to the metallic oxide; but the colouring particles 
and metallic oxides most be considered in that state to which 
they have been reduced by the diminution of oxygen in the 
oxide, and the diminution of hydrogen in the colouring par¬ 
ticles. Hence it follows, 

Ist, That the metallic oxides to which the oxygen is only 
slightly attached, are not fit to serve as connecting mediums 
for the colouring particles, because they produce in them too 
great a degree of combination; such are the oxides of silver, 
gold, and mercury. 

2d, That the oxides which undergo considerable changes of 
colour, by giving off more or less of their oxygen, are also 
bad intermediums, especially for light shades, because they 
produce changeable colours; such are the oxides of copper, 
of lead, and of bismuth. 

3d, That the oxides which strongly retain their oxygen, 
and suffer very little change of colour by the loss of a part 
of it, are best fitted to answer this purpose; such is parti¬ 
cularly the oxide of tin, which quits the menstruum easily, 
which has a strong attraction for the colouring particles, and 
which affords them a basis that is very white, and proper for 
giving a brightness to their shades, without altering them by 
the admixture of another colour. The oxide of zinc possesses 
some of these qualities. 

In order to account for the colours which result from the 
union of colouring particles, with the basis which a mordant 
giires them, we must attend to the proportion in which the 
’ colouring particles unite to that basis; thus the solution of tin, 
which produces a very copious precipitate with a solution of 
colouring particles, and thereby proves that the oxide of tin en¬ 
ters in a large proportion into the precipitate, has a much greater 
influenoe on the colour of the precipitate, by the whiteness of 
its baSiSf than the solution of zinc, or that of alum, both of 
wh^h generally produce much less copious precipitates* The 
precipmlos produced by these two last substances retain very 
nehriy tl» ustural tint of the colouring particles. We must 
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then distinguish, in the action of mordants, the combinations 
that may take place by their means, between the colouring 
particles, the stuff, and the intermedium; the proportions of 
the colouring substance and intermedium; the modifications 
of colour, which may arise from the mixture of the colour of 
the colouring particles, and of that of the basis to which they 
are united; and finally, the changes which the colouring par¬ 
ticles may suffer from the combustion that may be produced 
by the intermedium. 

Astringents do not derive their characteristic property from 
an acid, or from any other individual principle which is 
always the same, but from the property which they possess 
of uniting with the oxide of iron, of reducing it to a state of 
black oxide, and of acquiring themselves a dark colour, by 
the combustion they experience. Galls, which may be con¬ 
sidered as representing all astringents, readily undergo a 
slight combustion, which gives them a deep brown colour; 
but this combustion, which requires but a small quantity 
of oxygen, soon ceases without injuring their properties. 
Galls one their stability to the large proportion of carbon 
they contain; and as they have the property of combining with 
some vegetable substances, with several colouring matters, 
and particularly with animal substances, they serve as an 
intermedium for them, and impart to them their own firmness 
of colour. 

Of the Pbeparation required by Wool for Dyeing. 

Wool is composed of fine, elastic filaments; the most power¬ 
ful microscope discovers no asperity on their surface: but if one 
of them be gently pressed between two fingers while it is drawn 
from between them with the other hand, so as to cause the fin¬ 
gers to glide towards its root, a slight resistance to the motion 
may easily be perceived; if the motion be from the root to the 
other extremity, not the slightest resistance occurs. Hence it 
is inferred, that the surface of every hair is bearded like a head 
of barley, or covered with lamina lying one over another like 
the scales of a fish; and it is from this property that we acquire 
all the advantages of felting; for when the fibres are subjected 
to motion, as woollen cloths in the fulling-mill, or fur under the 
bowstring of the hatter, they lock into and become inter¬ 
twisted among each other; the stuff contracts in length and 
breadth, but increases in thickness and solidity, and will not 
unravel when it is cut. As this conformation of the fibr^ is 
a disadvantage in the operation of combing and spinning, the 
wool is oiled, in order to lessen its asperity, and make it work 
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more freely. But as this coating of oil roust be removed 
before tlie wool can be properly dyed, the yarn, or manu¬ 
factured goods, are taken to the fulling roilb where they are 
beaten with large beetles, in troughs of water mixed with 
fuller’s earth: the clay renders the oil soluble in water, the 
plentiful addition and change of which, leaves the goods com¬ 
pletely scoured. 

Wool is naturally covered with a kind of oil, and when it is 
dyed in the fleece, this oil roust be removed, which is usually 
done by heating it in a kettle of water containing a fourth of 
putrid urine, and afterwards washing it in a running stream, 
in this case it is the volatile alkali of the urine which renders 
the oil of the wool miscible with water. 

Wool, fur, and hair, have precisely the same texture and 
chemical composition; but hair is usually drier, harder, and 
in thicker filaments, than wool or fur. 

3b d^e Wool Blue. 

The only colc^uring matters used in dyeing wool blue, are 
woad and indigo, which are both substantive colours, that is. 
they are permanent w ithout requiring a mordant. Woad alone 
will not give a deep blue, but when it is mixed with indigo, a 
very rich colour is obtained. Tlie strongest kind of woad is 
called pastel. Quatremere recommends the following mode of 
preparing a blue vat: Into a vat about seven and a half feet 
deep,and five and a half broad, are thrown two balls of woad, 
weighing together about 400 pounds, first breaking them; thirty 
pounds of weld are boiled in a copper for three hours, in a 
sufficient quantity of water to fill the vat; when this decoction 
is made, twenty pounds of madder and a basket full of bran 
are added, and it is boiled half an hour longer. This bath is 
cooled with twenty buckets of water; and after it is settled, 
the weld is taken out, and it is poured into the vat;, all tl^ 
time it is running in, and for a quarter of an hour after, it is 
to be stirred with a rake. The vat is then covered up very 
hot, and left to stand six hours, when it is raked again for half 
an hour, and this operation is repeated every three hours. 
When blue veins appear on the surface of the vat, eight or 
nine pounds of quicklime are thrown in. Immediately after 
Uie lime, or along with it, the indigo is put into the vat, being 
first ground fine in a mill with the least possible quality of 
water, (it is now usually ground dry.) When it is diluted to 
the consistence of a thick pap, it is drawn off at the lower 
part of the mill, and thrown thus into the vat. The quimtity 
of indfg^ depends upon the shade of cerforor required. From 
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ten tn thirty pounds must ther^ore be put to the rut no# 
described, according to the occasion. 

If, on stiking the vat with the rake, a fine blue scum arises, 
it is fit for use, after being stirred twice with the rake in six 
hours to mix the ingredients. Great care should be taken not 
to expose the vat to the air, except when stirring it. As soon 
as that operation is over, the vat is covered with a wooden lid, 
on which are spread thick cloths, to retain the heat as much 
as possible. Notwithstanding this care, the heat is so much 
diminished at the end of ei^t or ten days, that the liquor 
must be re-heated, by pouring the greater part of it into a 
copper over a large fire : when it is hot enough, it is returned 
into the vat, and covered as before. 

This vat is liable to two inconveniences, first, it runs some¬ 
times into the putrefactive fermentation, which is known by 
the fetid odour it exhales, and by the reddish colour it as¬ 
sumes. This accident is remedied by adding more lime. 
The vat is then raked; after two hours lime is put in, the 
raking performed again, and these operations are repeated 
till the vat is recovered ; secondly, if too much lime is added, 
the necessary fermentation is retarded; this is remedied 
by nutting in more bran or madder, or a basket or two of 
fresn woaa. 

When cloth is to be dyed, the vat is raked two hours before 
the operation, and to prevent it from coming in contact with 
the sediment, which would cause inequalities in the colour, a 
kind of lattice of large cords, caled a cross, is introduced ; 
when unmanufactured wool is to be dyed, a net with small 
meshes is placed over this. The wool or cloth being tho¬ 
roughly wetted with lukewarm water, is pressed out, and dip¬ 
ped into the vat, where it is moved about arionger or shorter 
time, according as the colour is intended to be more or less 
deep, taking it out occasionally, to expose it to the air, the 
action of which is necessary to change the green colour, given 
the stuff by the bath, to a blue. Woollen and cloth dyed in 
this manner ought to be carefully washed, to carry off the 
loose colouring matter; and when they are of a deep hue, 
soap should be used, as it will only cleanse and not injure the 
colour. The more perfectly the wool has been scoured, the 
better it will receive the dye. 

A vat which contains no woad, is called an indigo-vat. For 
this vat, the indigo is rendered soluble in water by potash 
instead of lime; a copper vessel is used, and six pounds of 

E otesb, twelve ounces of madder, and ^ix pounds of bran, are 
oiled with every 120 gallons,of water.t . six pounds of finely 
ground indigo are-then addediand fi^r carefully raking it, 
49.—Voi.. II. 3Y 
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the vat is covered, and a slow fire kept round it. Twelve 
hours afterwards it is to be raked a second time, and this 
operation is to be repeated at similar intervals of time, till the 
dye becomes blue, which will generally happen in forty>eight 
hours. If the bath be properly managed, it will be of a 
green colour, covered with coppery scales, and a fine blue 
scum. 

The dye called mxom blue, is made with the solution of in¬ 
digo in sulphuric acid. Take four parts of sulphuric acid, 
and pour them on one part of indigo in fine powder: let the 
mixture be stirred for some time, and after it has stood twenty- 
' four hours, add one part of dry potash ; let the whole be again 
well stirred, and after it has stood a day and a night, add gra¬ 
dually more or less water. The cloth to be dyed must be pre¬ 
pared with tartar and alum, and more or less indigo must be 
put into the bath, according to the shade required. For deep 
shades, also, the cloth must be passed several times through 
the bath : light shades may be ayed after deep ones, but they 
will not have the lustre given by a fresh bath. 

To dye Wool Red, 

Beds are a very important class of colours, and are furnished 
by a great number oi substances. They all depend, either for 
their fixedness or beauty, upon the use of moraants: the prin¬ 
cipal of them are, kermes, cochineal, archil, madder, cartha- 
mus, and Brazil-wood. Kermes and cochineal are the female 
of two different insects, archil is a species of lichen or moss, 
the colour of which has been heightened by urine and quick¬ 
lime ; madder is a root, cartbamus a flower, and Brazil-wood 
the trunk or ligneous part of a tree of that name. Pewter 
boilers, or well tinned copper, must be used in preparing all 
red baths’. 

The shades of red are usually distinguished into three 
classes; viz. the madder red, crimson, and scarlet. Madder 
is employed for coarse goods. It gives out its colour to water, 
and the bath prepared with it is not made hotter than what 
the hand can bear, until the wool has been in it about an hour, 
when it may be boiled for a few minutes just befwe the wool 
is taken out. It may be used in the proportion of one^-third 
or one-fourth of the wool dyed. Clotiis are prepared for the 
mad^^T-bath by boiling them for two or three hours in a solu¬ 
tion of alum and tartar; after having been taken out of which, 
they are left to drain for a few days in a cool place ^fore they 
are dy«d* The use of archil gives a fine but transient blooto 
to tjie madder dye. Arelfir and Hraxil-twood,. froni their 
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perishabieness, are seldom used to wool except in this way as 
auxiliaries. 

When sulphate of copper is employed as the mordant, mad¬ 
der dyes a clear brown, inclining to yellow,. Tin brightens 
its colour, but not materially. 

Kermes has not been much used since the art of brightening 
cochineal with tin was discovered, as it has not so 6ne a bloom 
as the latter dye, though it possesses greater durability. 
Kermes imparts its colour to water, and the quantity of it 
used is, for a full colour, at least three-fourths of the wei^t 
of the wool employed. The wool is put in at the first boiling, 
after having been previously prepared by boiling it for half 
an hour m water with bran, and afterwards two hours in 
another bath with one-tenth of tartar dissolved in sour water, 
and then leaving it for a few days in a linen bag. 

The red colour of the flowers of carthamus is extracted by 
a weak alkaline ley, and precipitated by lemon juice, or 
sulphuric acid, but is chiefly used for silk and cotton. The 
precipitate is used in dyeing, and is called safflower, or bastard 
saffron. 

A crimson colour inclining to violet, is the natural colour 
of cochineal, which yields most of its colouring matter to 
water, and by the addition of a little alkali or tartar, the whole 
of it is extracted. To dye crimson, by a single process, a 
solution of two ounces and a half of alum, and an ounce and 
a half of tartar, with an ounce of cochineal, are employed for 
every pound of stuff. A little nitro-muriate of tin must be 
added for a fine crimson; archil gives to crimsons that fine 
dark shade which is called bloom, but this soon disappears 
by exposure to the air and light. For pale crimsons the 
quantiw of cochineal is reduced, and madqer substituted. 

Dr. Bancroft first suggested that scarlet was a compound 
of crimson and yellow, and he founded upon this idea a more 
economical mode of producing it than nad previously been 
used i he gives the following directions for dyeing scarlet; A 
hundred pounds of cloth are to be put into a tin vessel, nearly 
filled with water, with which about eight pounds of the murio- 
sulphuric solution of tin have been previously mixed. The 
liquor is made to boil, and the cloth is turned through it by 
the winch for a quarter of an hour in the usual manner. The 
cloth is then taken out, and four pounds of cochineal, with 
two pounds and a half of. quercitron-bark in powder, put into 
the oath, and well mixed. The cloth is then returned into 
the liquor, which is made to boil, and the operation is con- 
tinaed as usual, till the colour he duly raised, and the dyeing 
liquor exhausted, which will usually happen in about fifteen 
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or twenty minutes; artcur wbich the doth may be taken out 
and rinsed. In this method, the labour and fuel necessary in 
the common process for the second bath are saved; the opera¬ 
tion is finish^ in much less time; all the tartar will be saved, 
as well as two-thirds of the expense of the solvent for the tin, 
and at least one-fourth of the cochineal usually required ; the 
colour at the same time will not be in any respect inferior to 
that produced in the ordinary way, at so much more trouble 
and expense; and it will even look belter by candle-light 
than others. 

By omitting the quercitron-bark, the above process will 
afford a rose-colour. 

Scarlet may be changed to crimson, by boiling the cloth in 
a solution of alum, till the shade desired is obtained ; alkalies 
and earthy salts in general have the same effect as alum. 

The murio-sulphuric solution of tin here directed to be used, 
is prepared by mixing two pounds of sulphuric acid with three 
pounds of muriatic acid, pouring them upon fourteen ounces of 
granulated tin. Heat must be applied to hasten the solution. 

3b dye Wool Yellow. 

Weld, fustic, and quercitron-bark furnish the best yellows; 
—weld is a plant which is both cultivated and grows wild in 
this country; the stem is slender, and rises to the height of 
three or four feet; the entire plant is used in dyeing, and is 
gathered when it is ripe: the shortest and slenderest stems 
are the most esteemed- Fustic is the wood of a large West 
Indian tree. Quercitron is a species of oak, which grows in 
North America, and is there called yellow oak ; its bark is the 
only part of it used m dyeing. 

The colours obtaiiled from weld and quercitron-bark nearly 
resemble each other in shade, and also in durability, which is 
not great; but the bark containing the largest quantity of co¬ 
louring matter, it is not only the most convenient to use, but 
upon uie whole the cheapest: Dr. Bancroft has given the best 
directions for its use; he directs a deep and lively yellow 
to be thus prepared for wool: let the cloth be boiled for an 
hour or more, with about one-sixth of its weight of alum, dis¬ 
solved in a sufficient quantity of water; then plunge it, with¬ 
out rinsing, into a bath of warm water, containing in it as much 
qjuercitron-bark as equals the weight of the alum employed as 
a mordant. The cloth is to be turned through the* boiling 
liquid till it has acquired the intended colour. Then a quan¬ 
tity of cl,ean powdered chalk, equal to the hundredth part of 
weight of the cloth,, is to he stirred in, and the operR- 
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iton of dyeing is to be continued for eight or ten minutes 
longer. 

For bright orange yellow, put for every ten parts of cloth, 
one part of bark into a sufBcient quantity of hot water; after 
a few minutes, an equal quantity of inurio-sulphate of tin is 
to be added, and the mixture well stirred. The cloth acquires 
the colour in a few minutes. All the shades of golden yellow 
may be obtained by using different proportions of alum along 
with the tin. 

For a full bright yellow, delicately inclining to green, to 
one hundred parts of cloth use eight parts of bark, six of the 
murio- sulphate of tin, six of alum, and four of tartar. The 
green shade is more lively, if the proportion of alum and tar¬ 
tar be increased. A small proportion of cochineal will raise 
the colour to a fine orange, and even aurora. 

Weld readily imparts its colour to water; it is used in the 
proportion of from three to six pounds for every pound of 
cloth : the wool is prepared by a bath containing four ounces 
of alum and one of tartar for every pound of cloth. A greater 
proportion of tartar is often employed ; its effect is to render 
the. colour more lively, but paler. Common salt deepens the 
colour. 

Both weld and quercitron-bark are boiled in thin linen bags. 

Fustic affords a more permanent yellow than weld or quer¬ 
citron, but it is not so beautiful. Alum is its mordant; its 
colour inclines more to orange than that of weld. 

To dye Wool Black. 

WooBis dyed black with red oxide of iron and galls, which 
afford a colour not liable to fade. Logwood is employed to 
give lustre and fulness to the colour; but when the cloth is 
to be rendered as perfect a black as possible, it is first dyed 
blue and washed : to coarse goods, for which the blue would 
be too expensive, a brown is first given by walnut peels, or 
the root of the walnut tree. 

After the cloth has been dyed blue, or brown, According to 
its quality, it is boiled for two hours in a decoction of nutgalJs, 
and afterwards kept for two hours more in a bath composed of 
logwood and sulphate of iron, maintained during the whole 
time at a scalding heat, but not boiling. During the operation, 
the cloth must be freauently exposed to the air, because the 
green oxide of iron, or which the sulphate is composed, must 
be converted into red oxide by absorbing oxygen, before the 
cloth can acquire its proper eoioui^; The common proportions 
are» five parts of galU, We of sdl^ate of iron, and thirty of 
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logwood, for every one hundred parU of cloth. The addition 
of a little acetate of copper to the sulphate of iron ia consi¬ 
dered an improvement. 

To dye Wool Brown, or Fawn Colovr. 

Walnnt-peela are generally used for dyeing a brown or fawn 
colour. They are the green covering of the walnut, but they 
soon become dark by exposure to the air. They are usually 
put into large casks, in which they are kept covered with wa¬ 
ter for about a year before they are used. They readily im¬ 
part their colour to hot water, and nothing more is necessary 
than to steep the wool in the decoction of them till it has ac- 
qhired the colour desired. The colouring matter is supposed 
to be combined with tan, for which reason no mordant is 
absolutely necessary, but alum, or the oxide of tin, brightens 
the colour. The root of the walnut-tree contains the same 
kind of colouring matter as the peels, but not in such abun¬ 
dance. The cloth should be moistened with warm water, 
before it is put into the vat. 

Sumach, when used alone, also affords a fawn colour, inclin¬ 
ing to green. lied saunders gives a fawn colour inclining, to 
red; it is seldom used alone, as it affords little colour; but on 
account of its durability, it is used to mix with sumach, w'al- 
nut-peels, galls, and alder bark, to vary their shades, and they 
extract more of its colour than it would otherwise yield. 


Of Dyeing Silk. 


The fibres of silk are naturally covered with a kind of gum 
or varnish, and almost the whole of the silk known in Europe 
has a yellowish tinge, which it is necessary to remove as well 
as the varnish, for most of the purposes to which it is applied. 
It is usually scoured with soap. The scouring is not carried 
so far, or in other words, less soap is used when the silk is to 
be dyed than when it is intended to remain white. For com¬ 
mon colours# every 100 pounds of silk is boiled three or four 
hours in a toioUon of twenty pounds of soap, and the water is 
replenished as it evaporates, in order to keep the silk com¬ 
pletely covered. The quantity of soap is increetsed for blue, 
and still more for scarlet and other bright colours# becapte 
these require a very white ground. 

pundying the silks which are to remain white, a tinge is 
1 ^ additioii of a small quantity of difiermit ooiour- 
anotta is mied for tw China white# and a little 


ire white. 
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When silk bt« been freed from its Yftmish and yellomr co> 
lour. It may be whitened still further by the fumes of sulpitbi' 
applied to it in a stove. But althougn the sulphurous acid 
gas thus applied, readily whitens and beautifies silk, and 
thereby forms a fine ground for lively colours, yet some sul¬ 
phur is deposited, which must be removed by soaking and 
agitation for a considerable time in water, otherwise it would 
have the effect of tarnishing the colours given in dyeing. 

The natural and much-admired lustre of silk is seen through 
all the colours it receives; but as acids, alkalies, and other 
powerful agents, tend to diminish this lustre, they ought to 
be sparingly used in dyeing silk. 

The intervention of a mordant is necessary in nearly all 
cases of dyeing silk ; alum is most commonly employed. Af¬ 
ter the silk is perfectly well wrung out of the solution of soap, 
and rinsed, it is immersed in the alum-bath for eight or nine 
hours, after which it is wrung and rinsed in a stream of water. 
For one hundred and fifty pounds of silk, the alum-bath may 
be composed of forty or fifty pounds of Roman alum dissolved 
in warm water, and afterwards added to forty or fifty gallons 
of water. The alum-liquor is used cold, or it would impair 
the lustre of the silk. 

To dye Silk Blue. 

Silk may be dyed blue by the indigo-vat before described; 
but a rather larger proportion of indigo may be used. As the 
silk is apt to take the colour unevenly, it should be dipped 
into the bath in small portions at a time, and after each por¬ 
tion has been turned once or twice in the bath, it shoulcl be 
exposed to the air, to convert its green into blue. Silks dyed 
blue should be speedily dried. 

Indigo will not give the silk a deep blue, unless the cloth 
has been prepared by giving it a ground colour, before it is 
dipped into it. For the Turkey blue, which is the deepest, a 
very strong archil-bath is first used ; and for the French royal 
blue, a weaker bath of the same kind is given. Cochineal 
may be used as a ground for a still more permanent blue. 
Verdigris and logwood are also used to impart a preparatory 
oolour,.but the blue produced with them is not peimanent. 
If a light ground of verdigris and logwood be employed, 
afterwards the archil-bath, and lastly the blue, the colour is 
more fixed. 

When raw ailk is to be dyed blue, the whitest kind should 
be chosen; and as it takes the..colour more readily than 
acouied ailky ihe latter, when it can be done, should be dyed 
first, if both are to be dipped in the same 
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English blae is produced bv sulphate of indigo. The silk 
is first dyed a light blue, and then dipped in hot water, washed 
in a streaitti and afterwards left till tlie proper shade is obtain¬ 
ed, in a bath made with the sulphate of indigo, to which a 
little tin has been added. The silk put into this bath, should 
only hare been a short time in the solution of alum. 

To flfye Si/k Red. 

Silk may be dyed crimson by steeping it in a solution of 
alum, and then dyeing it in the usual way in a cuchineal bath ; 
but the common process is. to plunge the silk, after it has 
been aluraed, into a bath formed of the following ingredients: 
two parts of white galls, three parts of cochineal, three-six¬ 
teenths of tartar, and three-sixteenths of nitro-muriate of tin, 
for every sixteen parts of silk. The ingredients are to be put 
in boiling water, in the order in which they have been enume¬ 
rated; the bath is then to be filled up with cold water; the 
silk put into it, and boiled fur two hours. After the bath has 
cooled, the silk is usually allowed to remain in it for three 
hours longer. 

Silk cannot he dyed a full scarlet, but a colour approaching 
to iscarlet may be given it, by first impregnating the stuff with 
murio-sulphate of tin, and afterwards dyeing it in a bath com¬ 
posed of four parts of cochineal, and four parts of quercitron- 
bark. To give the colour more body, both the mordant and 
the dye may be repeated. A colour approaching to scarlet 
may also be given to silk, by first dyeing it crimson, then 
dyeing it with cartbamus, and lastly yellow without heat. 

The poppy, cherry, rose, and flesh colours, are given to silk 
by means of cartbamus, of which the alkaline solution, with 
the addition of lemon juice, is employed. 

Kermes is not used for silk, and madder and Brazil-wood 
but seldom. 

To d^e Silk Yellow. 

Weld and quercitron-bark are both suitable for dyeing silk 
yellow, and the preference in point of colour and durability, 
though often given totheformerarticle,i8notea8ilye8tablished; 
but quercitron is the cheapest. According to the Shade requir¬ 
ed, from one to two parts of bark to twelve of silk, should be em- 
piy^ed. The bark, tied up in a thin bag, should be put tnto 
val>'while tbe water is cold, and wbc^ it has acquired the 
heqt the ailk, prevtoualy alumed, should be put in, 

Biid lii(Mp|lhrrfli until It hae acquiied thecdburdeinirm]. WImu 
is required* a little chalk or pearl*ssh should he 
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used towards the end of the operation. For a lively yellow, 
a little murio-sulphate of tin may he added; but this mordant, 
it must be recollected, injures the gloss of the silk. 

Silk is dyed fine orange, jonquille, and aurora colours, by 
annatto, into the alkaline solution of which it is dipped. For 
the orange, the alkali is saturated with lemon juice. The 
colours thus obtained are beautiful, but fleeting. 

To di/e SUk Black. 

Silk is dyed black nearly in the same manner as wool; but 
a greater quantity of gall-nuts are used for the gall-liquor, 
and the silk is allowed to remain in the warm gall-liquor for 
at least twelve hours, after which it is taken out and washed 
in running water. After the.galling, the silk is put into a so¬ 
lution of sulphate of iron, to which gum and iron filings are 
usually added. When the gum is dissolved, and the bath 
about a boiling heat, the silk is put in by small parcels; in 
the course of the operation, it is occasionally taken out and 
wrung, and exposed to the air to deepen the colour. More of 
the gum and sulphate of iron is then added, if the shade be 
not dark enough, and the silk is again dipped and wrung out. 
When the dyeing is completed, the silk is well rinsed in cold 
water, afterwards it is kept for a quarter of an hour in a solu¬ 
tion of soap, to take off the harshness it always receives from 
the black dye. 

When raw silk is dyed black, that of a yellow colour is pre¬ 
ferred ; the galling liquor and the bath must both be cold, to 
prevent the solution of its gummy covering. If the galling 
liquor be weak, it will require to lie in it for some days. 
Black, and all other colours, are imparted to raw silk with 
more facility than to scoured silk, but they are less durable 
upon the former. 


To dye Silk Brown. 

Walnut-peels, managed as for wool, form a cheap and dur¬ 
able brown for silk, though rather dull. 


Op Dyeing Cotton and Linen. 

Animal substances are more disposed than those of vege 
tables to enter into new combinations ; hence the animal sub¬ 
stances, wool and silk, have a stronger affinity for colouring 
matters, and therefore are more easily dyed, and retain their 
colours better, than the vegetable productions, cotton and 
49.— VoL. II. 3 Z 
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linen. Wool is the most easily <iye<l, as it is favoured not 
only by its chemical composition, but by the peculiar organi¬ 
zation of its suriBsce, which facilitates the retention of the co¬ 
louring particles: silk is not equal in this respect to wool; foi 
its affinities, though similar, are weaker, and its organization 
is different; that it holds a middle rank between animal and 
vegetable substances, may be inferred from its yielding o.\' 
alic acid, when treated with nitric acid, and it may therefore 
be considered as drawn by the worm from a secretion not 
perfectly animalized. Cotton ranks next to silk in tlic fa¬ 
cility with which it may be dyed, and linen and hemp the 
last. 

The structure of the fibres of cotton is not accurately known; 
that they are not smooth, is evinced by their aggravating 
wounds, like wool and hair, if applied instead of lint; to 
these asperities are attributed the superiority of cotton over 
linen in receiving and retaining colours ; for they appear to 
balance in part the want of the stronger affinities of animal 
substances. Colton is in general nearly white; the only kind 
much coloured is of a brownish yellow, which is manufactured 
in its natural stale, and sold under the name of )iankcen, the 
beauty and durability of wliich exceeds every attempt to pro¬ 
duce a similar colour by art. 

Raw cotton, like raw silk, dyes more easily than that which 
has been bleached. The process used for bleaching cotton is 
the same as that for bleaching linen. The oxymuriatic acid 
prepares it well for receiving fine and permanent colours. 
Colton is not so liable as wool and silk, to be injured by 
acids and alkaline solutions; these agents may therefore be 
used to it with more freedom, where they are likely to assist 
the colour. In scouring the raw cotton, it is usual to boil it 
for two hours or more in sour water or an alkaline ley, after 
which it is wrung out, rinsed, and dried. Manufactured 
goods are soaked in water containing one-fiftieth of sulphuric 
acid. The cotton, after it is dried, must next be alumed ; a 
solution of four ounces of alum will be required for every 
pound of stuff; the cotton must be moved about in the solu- 
'tion to impregnate i*. thoroughly, and it may afterwards be 
left in it for twenty-four hours. It is then rinsed, and alloWed 
to remain for one or two hours in running water. 

Aiier cotton has been alumed, it is frequently necessary to 
gall it; the galling most be conducted in the same manner as 
the aluroing, excepting that the cotton need not remain above 
two-th^ds of the time in the gall-liquor, unlees intended for 
l^lack. 7?^ opsf^^on is performea in the cold, when the 
jtlh^th hae idready received a dolour. 
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But of all the preparations which cotton undergoes for dye¬ 
ing, that called ammaiizing is the raost indispensable to last¬ 
ing and beautiful colours. This consists in impregnating the 
cotton wiih a solution of animal matter, of which an idea 
may be derived from the process we shall give for dyeing 
Turkey red. 

Flax or linen, and hemp, have, with respect to dyeing, 
similar properties to cotton, and undergo precisely the same 
operations of scouring, aluming, and galling. 

To dyt Cotton and Linen Bine. 

Put one part of indigo, one part of green sulphate of iron, 
and two parts of quicklime, into a sufficient quantity of water, 
and let the mixture be well stirred. The solution is at fust 
green, but it gradually assumes a yellow colour, and its sur¬ 
face is covered with a shining copper-coloured pellicle. The 
cloth is allov/ed to remain in the solution for five or six mi¬ 
nutes. When taken out, it is yellowish, but it soon becomes 
green, and then blue, by absorbing oxygen, llaussman ob¬ 
serves, that the cloth acquire.s a much deeper colour by plung¬ 
ing it, the instant it is taken out of the dyeing vat, into water 
acidulated with sulphuric acid. It is common to use a suc¬ 
cession of baths, of diflerent strengths, using the weakest the 
first; by this means the cloth receives a more uniform colour. 

'To dye Colton and Linen lied. 

P. J. Papillon established a dyehousc at Glasgow, for giv¬ 
ing to cotton-yarn that beautiful colour known by the name 
of Turkey or Adrianople red. In the year 1790, the Com¬ 
missioners and Trustees for Manufactures in Scotland, paid 
a premium to him for cortimunicating to Dr. Black a descrip¬ 
tion of his process, on condition that it should not be used or 
divulged for a certain term of years. At the expiration of 
the term it was published, and, as communicated by Dr. 
Black, it is as follows : 

Step I.—For one hundred pounds of cotton, take 100 pounds 
of Alicant barilla, 20 pounds of pearl-ashes, and 100 pounds 
of quicklime. The barilla is mixed with soft water in a deep 
tub, which has a small hole near the bottom of it, stopped at 
first with a peg. This hole was covered in the inside with a 
cloth, supported by two bricks, that the ashes may be pre¬ 
vented from running out at it, or stopping it up while the ley 
filters through it. Under this tub is another to receive the ley, 
and pure water is repeatedly passed through the first tub to 
form leys of dificrent strength, which are kept separate at first 
until their strength is examined. The strongest required for 
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use should bear an egg, and is called the ley of alx degrees 
of the French hydrometer or perseliguear. The weaker are 
afterwards brought to this strength by passing them through 
fresh barilla; but a certain quantity of the weak, which is of 
two degrees of the above hydrometer, is reserved for dissolv¬ 
ing the oil, the gum, and the salt, which are used in subse¬ 
quent parts of the process. This ley of two degrees is called 
the weak barilla liquor; the other is called the strong. 

Dissolve the pearl-ashes in ten pails, of four gallons each, 
of soft water, and the lime in fourteen pails. 

Let all the liquors stand till they become quite clear, and 
then mix ten pails of each. Boil the cotton in the mixtere 
five'hours, then wash it in running water, and dry it. 

Step II — Bainbie, or Gratf Steep .—Take a sufiicient quan¬ 
tity (ten pails) of the strong barilla water in a tub, and dis¬ 
solve or dilute in it two pails full of sheep’s dung, then pour 
into it two quart bottles of sulphuric acid, with one pound 
of gum arable, and one pound of sal-ammoniac, both previ¬ 
ously dissolved in a sufficient quantity of weak barilla wa¬ 
ter; and lastly, 25 pounds of olive oil, which has been pre¬ 
viously dissolved or well mixed with two pails of the weak 
barilla water. 

The materials of this steep being well mixed, tramp or 
(read down the cotton into it until it is well soaked; let it 
steep 24 hours, then wring it hard and dry it. 

Steep it again 24 hours, and again wring and dry it. 

Steep it a third time 24 hours, after which wring and dry 
it, and lastly, wash it well and dr^ it. 

Step III .—The While Steep .—This part of the process is 
precisely the same with the last, except that the sheep’s dung 
IS omitted in the composition of the steep. 

Step ly.—Gatl Steep.—Boil 25 pounds of galls, bruised in 
ten pails of river w’ater, until four or five are boiled away; 
strain the liquor into a tub, and pour cold water on the galls 
in the strainer, to wash out of them all their tincture. 

As soon as the liquor is become milk-warm, dip the cotton 
- hank by h&nk, handling it carefully all the time, and let it 
steep 24 hours. Then wring it careuilly and equally, and dry 
it well without washing. 

Step V .—First Aium Steep .—Dissolve 25 pounda of Roman 
alum in 14 pails of warm water, without making it boil; skim 
the liquor well, and add two pails of strong barilla water, and 
then let it cool until it be lukewarm. 

;.Dip the cotton, and handle it hank by hank, and let it 
atieep 24 hours; wring it equally, and dfry it well without 
waamiig^ 
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Step VI .—Second Alum Steep .—This is performed in every 
particular like the last, excepting that, after the cotton is 
dry, it is steeped for six hours in the river, and then washed 
and dried again. 

Step Vli.— Dj/eifig Sleep .—The cotton is dyed by about ten 
pounds at once ; for which take about two gallons and a half 
of ox-blood, and mix it in the copper with 28 pales of milk- 
warm water, and stir it well; then add 25 pounds of madder, 
and stir all well together. Then, having before hand put the 
ten pounds of cotton on sticks, dip it into the liquor, and move 
and turn it constantly one hour, during which gradually in¬ 
crease the heat until the liquor begins to boil at the end of 
the hour. Then sink the cotton, and boil it gently one hour 
longer, and lastly wash it and dry it. Take out so much of 
the boiling liquor that what remains may produce a milk- 
warm heat with the fresh water with which the copper is 
again filled up, and then proceed to make up a dyeing liquor 
as above, for the next ten pounds of cotton. 

Step Vlll .—TheJixing Sleep .—Mix equal parts of the gray- 
steep liquor, and of the white-steep liquor, taking five or six 

f lails of each. Tread down the cotton into this mixture, and 
et it steep six hours; then wring it moderately and equally, 
and ary it without washing. 

Step IX ,—Brightening Steep .—Ten pounds of white soap 
must be dissolved most carefully and completely in 16 or 18 
pails of warm water; if any little bits of the soap remain 
undissolved, they will make spots in the cotton. Add four 
pails of strong barilla water, and stir it well. Sink the cot¬ 
ton in this liquor, keeping it down with cross sticks, and 
cover it up; boil it gently for two hours, then wash it and 
dry it, and it is finished. 

Veisek .—The number of vessels necessary for this business 
is greater in proportion to the extent of the manufactory; 
but in the smallest work it is necessary to have four coppers 
of a round form. 

1st, The largest, for boiling and for finishing, is 28 inches 
d3ep, by 38 or 39 wide in the mouth, and 18 inches wider in 
the widest part. 

2nd, The second, for dyeing, is 28 inches deep, by 32 or 34 
in the mouth. 

3rd, The third, for the alum steep, is like the second. 

4th, The fourth, fcr boiling the galls, is 20 inches deep by 
28 wide. 

A number of tubs, or larger wooden vessels, are neces¬ 
sary, which must all be of fir, and hooped with wood or with 
copper. Iron must not be employed in their construction. 
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not even a nail of that metal; but where nails are necessary 
they must be of copper. 

ay the pail is always understood a wooden vessel, which 
holds four English gallons, and is hooped with copper. 

la some parts of the above process, the strength of the 
barilla liquor or liquors is determined by telling to what 
degree a perseliqueur or hydrometer sinks in them. The per- 
seliqueur was of French construction. It is similar to the 
glass hydrometer used by the spirit-dealers in this country ; 
and any artist who manes these instruments will find no 
difficulty in constructing one, with a scale similar to that 
employed by Papillon, when he is informed of the following 
circumstances: 

1st, The instrument, when plunged in good soft water, at 
the temperature of 60 degrees, sinks to the 0, or beginning 
of the scale, which stands near the top of the stem. 

2nd, When it is immersed in a saturated solution of com¬ 
mon salt, at the same temperature of 60^, it sinks to the 26® 
of the scale only ; and this falls at some distance from the 
top of the ball. This saturated solution is made by boiling, 
in pure water, refined sea or common salt, till no more is 
dissolved, and by filtering the liquor when cold, through blot¬ 
ting paper. 

It should also be observed, that whenever directions are 
given to dry yarn, to prepare it for a succeeding operation, that 
this drying should be performed with particular care, and more 
perfectly than our driest weather is in general able to effect, 
it is done therefore in a room heated by a stove. 

For giving a common madder red to cotton or linen, the 
cloth is galled, dried, then impregnated with acetate of alu- 
raine diluted with hot water; oried a second time, maddered, 
washed, and dried again. 

The scarlet and crimson communicated to cotton by the 
use of cochineal is not permanent. 

To dye Cotton and Linen Yellow. 

Cotton and linen may be dyed yellow in a weld bath, after 
having been previously alumed for twenty-four hours, and 
dried without washing. A pound and a quarter of weld may 
be used for every pound of cloth, which, when taken out of 
the weld bath, is put into a solution of sulphate of copper 
(equal to one-fourth of the weight of the cloth. Dr. Bancroft 
proposes the following as a cheaper and better method Of 
dymfig cotton yellow. 

a mordant bjl' dissolving onejpotind of acetate of lead, 
an$ ^ee ponn^ of alum, in a sufficient quantity of warm 
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water. In this liquor, heated to 100 degrees, the cotton is to 
Be steeped two hours, after being first properly rinsed. It is 
then Uken out, and moderately pressed over a vessel, to pre¬ 
vent waste of the liquor. It is then dried in a stove heat, and 
after being again soaked in the aluminous solution, is wrung 
out a second time and dried; it is then barely wetted w'ith 
lime-water, and afterwards dried; and if a full and bright co¬ 
lour is wanted, it may be necessary to soak the stuff again in 
the diluted aluminous mordant, and after drying, to wet it a 
second time with lime-water; after it has been soaked for the 
last time, it should be well rinsed in clean water, to separate 
the uncombined portion of the mordant, which might injure 
the application of the colouring matter. By the use of lime- 
water, a greater proportion of alumine combines v\ ith the stuff, 
as well as a certain portion of lime. In Uie preparation of the 
dyeing bath, from 12 to 18 pounds of quercitron-bark are in¬ 
closed in a bag, for every 100 pounds of the stuff, varying the 
proportion according to the shade required. The bark is put 
into the water while cold, and immediately after the stuff* is 
immersed, and agitated or turned in it, for an hour or an hour 
and a half, during which time the water should be gradually 
heated, and the temperature raised to 120 degrees. At the 
end of this time the heat is increased, and the dyeing liquor 
brought to a boiling temperature ; but at this temperature the 
stuff'must only remain in it for a few minutes, because other¬ 
wise the yellow assumes a brownish hue. The stuff' having 
thus acquired a sufficient colour, is taken> out, rinsed, and 
dried. 

To imitate the colour of the cotton called nankeen, a cold 
solution of sulphate of iron is used ; it is afterwards put into 
a ley of potass, and then allowed to remain five hours in an 
alum bath : but the colour obtained has neither durability nor 
beauty; and is stained by an accidental drop of the weakest 
astringent, such as tea. 

To flfyc Cotton and Linen Black. 

A full and durable black is much wanted for linen and cot¬ 
ton : the blacks at present in use are given by iron, which has 
so weak an affinity to these materials, that the colour will not 
bear the action of soap. In the first place, a preparation called 
iron-liquor, is made by putting pieces of old iron into a vessel 
containing vinegar or alegar; the liquor is allowed to remain 
six weeks or two months before it is used, in order to be fully 
saturated with iron. Astringents are frequently added, par¬ 
ticularly the decoction of alder-bark, which of itself has the 
property of dissolving oxide of iron. The longer this liquor is 





550 


DYEING, 


BrowD for ootloa ind linm.—Coai|>oiiiid colours. 


exposed to the air the better; the cask coittaining it hi called 
the black cask. At Manchester, they prepare the cloth by a 
bath of galls or sumach, then dye it in the iron^lit^hegr, and 
afterwards dip it into a decoction of lo^ood and a liille ver¬ 
digris. This process is repeated till a deep black U obtained, 
the stufFbeing washed and dried after eaCh,operation. At Rou¬ 
en, they generally dye the stuff bltle in the first instaiice. 

To d^e Cotton and Linen Brown. 

A brown or root colour may be commanicated to cotton and 
linen by walnut-peels, in the same manner as to wool and silk; 
sometimes a browning is given by soot, after the welding, and 
by a madder-bath to which galls and fustic have been adc^d. 


Of Compound Colours for thf. diffEri^^i 
Sorts of Stuff. 

In dyeing, those colours are called simple, which are gene* 
rally produced by*a single operation; K^nce blue, red, yellow, 
black, and brown, (or fawn or root colour,) are called simple 
colours, although all other colours may be made by combina¬ 
tions of the three first. Of these five colours', as applied to 
different kinds of stuff, we have treated in succession ; it 
remains to devote a small space to their most important com¬ 
binations. f. 

Mixtures of Blue and Yellow. 

To this class belong all the various shades of gre'en. To 
dye wool green, the two cqlqurs of which green is composed, 
are imparted to it separately: the blifeis generally given finst, 
because the yellow dye of the cloth would injure fhe blue 
bath. The green will be dark in proportioja as the blue is 
more intense. The cloth is prepared as for welding, and dyed 
yellow, and afterwards'I^ue, in the baths already described. - 
Whep a dark shade is required, the strength of the yellow 
bats should be increased. ■ , 

Sniphate of indigo is used for Saxon greens. J)r.3ancfofi 
directs for this dye, that from six to eight pounds t)f quercl- 
tron-bark, enclosed in a ba^, should be put into the bath for 
every hundred pounds of cloth, with only a small ^roporti.on 
of water, just as it begins to grow warm. 'When the water 
boils, six pounds of the murio-sulphate of tin'should be put 
ua, and a few minutes after, about four pounds of alum; these 
hAving boiled %Te or six minutes, cold watef should be added. 
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and tfie fife be 4iniinished, so as to brin^ down the heat ot 
thS liqu5r nearly to what the hand is just able to bear, 
lihmediately after this, ,as much sulphate of indigo is to be 
added^'tis mlt sufiBce to produce the shade of green required, 
takmg care to mix it thoroughly with the bath. The cloth, 
previously s.coured and moistened, should then be expedi- 
fiously put into the liquor, and turned very briskly through 
it for a quarter of an hour, that the colour may apply itself 
evenly in every part. By these means, very full, even, and 
beautiful greens may be dyed in half an hour; but during 
ihie space it is best to keep the liquor at af little below the 
boiling heat. 

Silk, cotton, or linen, intended to receive a green, is 
scoured in the usual manner, and the scouring is to be carried 
farther the lighter the shade required; it is then strongly 
alumed, and, like wool, dyed yellow first with weld or quer¬ 
citron; it is then, aftec washing, immersed in the blue vat. 
The shade may be deepened and varied by adding logwood, 
fustic, or anotta to the yellow bath. The Saxon green formed 
by sulphate of indigo with fustic, is not so durable as the 
green aboVe described. 

The different shades of olive and drake’s neck green, are 
given ^0 cottoti, after it has received a blue ground, by galling 
it, dipping it in a weaker’^or stronger bath of iron-liquor, then 
in the weld-balh, and afterwards in the bath with sulphate of 
copper; the colour is brightened with soap. 

In dyeing at two operations, it is proper not to rely en¬ 
tirely onihe proportions of the ingredients used, but to judge 
the effect of the different dyes on small specimens, before 
the whole is’dlipped. 

‘Mixtures of Blue and Red. 

'• Mixtures,of blue and red comprehend all the shades from a 
violet to lilac arid dove-colour.^ 

For fiojels br^pairples, wool should first be dyed blue, then 
boiled with alum and two-fifths of tartar, and afterwards dipped 
in 4 bath composed of nearly two-thirds of the quantity of 
cochineal required for scarlet, with the addition of tartar. The 
dameqirocess is followed as for dyeing scarlet, and the bath 
.that has been used for scarlet is employed with such additions 
ufcochtneiil and tartar as the shade may require. 

For lilacs, dove-c^ours, and other lighter shades, the cloth 
may be dipped in the blue-bath which has been employed for 
violet and purple, and is somewhat exhawated, and to 'vhi<^ 
som^ alum ana tartar must be added. For reddish shadfv;;, 
60.—VoL. II. 4 A 
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such as peach-blossoms, a small proportion ot solution of tin 
is added. 

Logwood, with the help of galls, yields a fine ^rple, but 
the usual methods of fixing it are not efiectual. l>ecroizille 
used for it a mordant consisting of a solution of tin in a mix¬ 
ture of sulphuric acid, common salt, and water; to which 
were added red tartar, and sulphate of copper. Thus he 
obtained a dye which is asserted to be durable. If the wool 
is to be dyea in the fleece, it will re<^uire a third of its weight 
of this mordant, but fbr cloth a filth will be sufficient. A 


bath is to be prepared as hot as the band can bear, with 
which the mordant is to be well mixed, and the stuff is to be 
dipped in it and stirred ; the same temperature is to be kept 
up for two hours, and increased a little towards the end; 
after which the stuff is to be taken out, aired, and well 
washed. A fresh bath of pure water is prepared at the same 
temperature, to which a sufficient quantity of the decoction 
of logwood is added: in this the stuff is immersed and stirred; 
the heat is then increased to the boiling temperature, which 
roust be continued for fifteen minutes; die stuff is then taken 


out, aired, and carefully rinsed. If the decoction of one 
pound of logwood has been used for every three pounds of 
wool, and a proportionate quantity for stuffs that require less, 
a fine violet is produced; to which a sufficient quantity of 
Brazil wood imparts the shade known in France by the name 
of prune de Monsieur. 

Phe above mordant gives a greater durability than any other 
to the colours of Brazil, fusfic, and yellow wood, and it is 
said to leave the wool in a state peculiarly adapted to spinning. 
The dyes of logwood and Brazil are apt to be injured by the 
alkali of the soap used in fulling; but they may be recovered 
and brightened by a warm bath slightly acidulated with sul¬ 
phuric acid. 

To give the finest violet or purple to silk, the stuff must be 
passed through the cochineal-bath, and afterwards dipped in 
a weak blue vat, having been previously prepared as for 
crimson, with the omission of tartar and solution of tin. 
Light shades are brightened by passing them through an 
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peach-blossoms, the cochineal-bath must be proportionately 
weak. The false or fading violet is given to silk ny archil.— 
JDeeroizille’s process for dyeing wool purple with logwood, is 
also applicable to silk. 

Cotton and linen intended for violet, receive a blue ground 
first, and are then dried; they are next galled, and dried again; 
they are then put into a decoction of logwood, to whicti two 
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drams of alum and one of dissolved acetate of copper is added 
for every pound of yarn; they are two or three times taken 
out of the bath, aired, and dipped again. The colour is 
mdderatelv permanent. The use of madder instead of log¬ 
wood produces the most durable violet. 

Mixtures of Red and Yellow. 

Mixtures of red and yellow comprehend all the colours from 
scarlet to that of musk and tobacco. The scarlets we have 
treated of along with the reds. Wool dyed red by madder, 
and afterwards yellow by weld, acquires a cinnamon colour, 
for which the most proper mordant is a mixture of tartar and 
alum. By using root colours, instead of weld, such as walnut- 
tree root, walnut-peels, or sumach, snuff, chestnut, musk, and 
other shades, arc obtained. 

Maroon and cinnamon colours, and all intermediate shades, 
are given to silk by different proportions of logwood, fustic, and 
Brazil; the bath is prepared by mixing the decoctions, which 
are made separately; fustic must be the prevailing colour. 

To d 3 ’^e cotton and linen a crimson colour, begin with weld 
and verdigris, and then dip them into a solution of sulphate 
of iron. After they are dried, gall them with three ounces of 
galls for each pound dyed; they are afterwards dried, alumed, 
and maddered; and lastly, brightened by a warm solution of 
soap. 


Olive and Gray Colours. 

Olive colours are produced by the mixture of blue, red, and 
yellow; the blue is given first, next the yellow, and then the 
madder red. A kind of reddish olive is given to wool and 
silk by a bath of fustic, to which more or less logwood and 
sulphate of iron are added. Russet-olive by fustic and log¬ 
wood, after welding. 

D’Apligny states that a fine olive may be communicated to 
cotton and linen, by four parts of weld and one of potass, 
boiled in a sufficient quantity of water, and BrazH-wood, which 
has been steeped one night, boiled septiraiely with a little ver¬ 
digris; the two decoctions must be mixed in the proportions 
the shade requires, and the cotton and thread immersed in the 
bath thus formed. 

Coffee, damascene, and similar shades, are produced by 
giving the cloth a light ground colour, and then dipping them 
in a bath of galls, sumach, alder bark, and sulphate of iron, 
till the effect desired is obtained. 
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For blue>grays, sulphate of indigo must be combined with 
the galls and copperas. Brown-gray, drab, iron-gray, pearl 
colour, &.C. are produced with galls and copperas,upon a ground 
of red, or yellow, according to the shade required. 


Of the Water used in Dyeing. 

The kind of water used in dyeing is far from an object of 
indifference. That it should be free from any thing which 
renders it turbid, or colours it, will easily be admitted; but it 
may appear perfectly pure to the eye, and yet contain minerals 
and salts in solution, which render it totally unfit for pro¬ 
ducing delicate colours, or light shades of any colour. The 
operations of dyeing are generally conducted on too extensive 
a scale to render the distillation of water admissible; the 
softest water that can be obtained is, therefore, considered as 
the best for the purpose; such water will generally be that of 
rivers; but as many reasons may render it unavoidable to have 
no other than spring-water, which, from its greater or less 
impurity, is generally hard, it is usual to adopt means for the 
correction of the defects of water that cannot be perfectly 
relied upon. Waters containing calcareous impregnations, 
are highly prejudicial to reds, in all cases where brightness 
of colour is desirable; for the lime which is precipitated 
upon the cloth, irrecoverably tarnishes the shade. Waters, 
also, charged «ith calcareous salts, will not extract so large 
a quantity of colouring matter as other waters, which is 
another extensive source of disadvantage from the use of 
them. Waters holding alumine and magnesia in solution arc 
not injurious. 

Of the metallic salts, the sulphate of iron is by far the 
most common in waters, and its effects are very perceptible, 
especially when the cloth undergoes the operation of gall¬ 
ing, as it gives a brownish tinge which modifies all other 
colours. 

It has been found that some stagnant waters are well adapted 
to the use of the dyer; such waters are generally soft, and the 
animal matters which they contain, may cause them partially 
to animalize the cotton and linen. 

Among the means of correcting defective water, the most 
common is, to use water in which the bran has been allowed to 
become sour, and which is called sours, or sour water. It is 
prepared as follows: twenty-four bushels of bran are put into 
a vessel which will contain about ten hogsheads. A large boiler 
is fiUed with water, and when it is just reMy to boil,it is poured 
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into the vessel. Soon after, the acid fermentation commences, 
and in about twenty-four hours the water is fit for use. Wat«r 
which is impregnated with earth^r salts," after having been 
treated in this way, forms no precipitate by boiling, and ac¬ 
quires a considerable degree of softness. 

When stuffs which have recently been dyed are washed, to 
clear them of all the mordant and colouring matter uncoui- 
bined with them, running water is to be preferred as the most 
efiectual, and as requiring the least manual labour. 


BLEACHING. 

Bleaching is the art of whitening vegetable and animal 
substances, particularly wool, silk, cotton, flax, and hemp, 
whether in their manufactured or raw state. It is, therefore, 
the reverse of tlie art of dyeing; but in the order of its use, it 
sometimes precedes dyeing, in order to render stuffs sub¬ 
sequently more capable of receiving colours; and at other 
times it is employed to remove the colour which dyeing has 
communicated. 

The bleaching of wool and silk, is in fact the operation 
called scouring, and has been adverted to as one of the pro¬ 
cesses immediately connected with dyeing. Wool would be 
dissolved by a strong alkaline ley, and oxymuriatic acid would 
turn it yellow. Soap alone, or soap and fuller’s earth, bleaches 
it to the utmost; and soap is the chief detersive substance 
used to silk. It is cotton and linen that are more particularly 
the objects of the processes now to come under consideration, 
as these substances will bear the action of menstruums which 
would destroy wool and silk. 

Bleaching, according to the old system, is a tedious and 
unpleasant process, comprising a number of operations con¬ 
ducted in the following order, 1. Steeping and milling; 
2. Bucking and boiling; 3. Alternate watering and dye¬ 
ing; 4. Souring; 5. Rubbing with soap and warm water; 
6. Starching and bluing. 

In the first of these operations, the cloth intended to be 
bleached, disposed in folds, is put into warm water, where it 
is allowed to remain until the air-bubbles, which after 18 hours’ 
steeping begin to arise on the surface, have disappeared; this 
generally happens, according to the warmth of the weather. 
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in from 50 to 70 hours; if allowed to remain longer, a scum 
which forms on the surface of the water would precipitate, and 
the steeping must be discontinued before this occurs. After the 
steeping, the cloth is taken to the mill, in which, by continual 
agitation with a large quantity of water, all the loose foulness 
is carried olf. 

In the bucking and boiling, alkaline leys are employed to 
remove that particular substance, which occasions the brown 
colour of the cloth. Potash is the alkali mostly employed. 
The ley is at first put on the cloth only blood-warm; it is then 
drawn off, and poured on at a greater heat, and lastly at a 
boiling heat. The cloth is next taken into the field and 
spread out, where it is w'atered at intervals sufficiently shovt 
to keep it constantly wet; foe if allowed to dry, while strongly 
impregnated with alkaline salts, the texture of the cloth ivoulu 
be injured. After this has been attended to, about half a day, 
dry spots are allowed to appear before the watering is re¬ 
peated. By this process, the cloth acquires a greater degree 
of whiteness than before it was taken out, and where the eva¬ 
poration has been strongest, as on the upper side of the cloth, 
the colour is whitest. After the cloth has received in the 
field a tolerably good and uniform colour, it is fit for souring, 
in which operation it is steeped in sour milk, or in water 
soured with bran or rye-meal, and used new-mllk warm; or 
what is still better, in water acidulated with sulphuric acid. 
After being sufficiently soured, which is accomplished in a 
few hours, the acid is entirely removed by wasning in the 
fulling mill, and the cloth is then washed by the band with 
soft soap and warm water. Coarse cloths are washed, more 
slightly; being rubbed over with soap, they are worked be¬ 
tween boards, called rubbing boards, which effect the purpose 
by the grooves they contain. The finishing operations of 
starching and bluing, are conducted in a similar manner to 
the starching and bluing of the laundry. 

The various steepings, boilings, and exposures to the air, 
to be performed in the process ot bleaching above described, 
5 :on 8 umes much time, and the manufacturer is besides very de¬ 
pendent on the state of the weather; but while the nature of the 
change produced on the linen wasnotunderstood, there appeared 
but little hope of materially shortening the period employed in 
completing them. The progress of discovery, however, in 
chemistry, at length threw a ray of light upon the subject, and 
in a short time the theory of bleaching became better known, 
and the practice entirely changed. S<meele having discovered 
the oxymuriatic acid, and noted its power in destroying vege¬ 
table colours, Bertbollet, upon being made acquainted with it. 
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undertook, among other chemical labours, to develop its pro¬ 
perties, and It was he who first suggested and carried into 
effect the design of employing it extensively in bleachihg. 
When a coloured piece of cloth is exposed to the action of 
oxymuriatic acid, the colour entirely disappears in a longer or 
shorter period, and the acid, if the quantity of cloth upon 
which its action has been exerted is sufficient to exhaust it, 
is reduced to the stale of common muriatic acid. It is evident 
then, that the colouring matter has lost its property of exhi¬ 
biting colour by combining with oxygen; and when the cloth 
thus bleached has been for some time exposed to the air, it 
becomes yellowish, because 'part of the oxygen which had 
combined with the colouring matter flies off. An additional 
process therefore is necessary,* and as it was found that the 
action of the oxymuriatic acid rendered the substance of the 
colouring matter soluble in alkaline lixivia, by the employ¬ 
ment of such lixivia, a permanent white is obtained. In this 
new mode of bleaching, the oxymuriatic acid effects, almost 
immediately, a change which exposure to the atmosphere re¬ 
quires many weeks to accomplish, and therefoie the whole 
process is prodigiously accelerated. Much complaint was 
at one time heard, with respect to the injury sustained 
by the cloths in the new mode of bleaching, and often 
with justice, as in the infancy of the discovery the want 
of experience was necessarily attended by the liability 
to error, and the want of skill, among many who were 
anxious to adopt it, with a view to commercial advantage, 
was often very considerable. But when properly conducted, 
it is found to be less injurious to cloth than the old 
mode, at the same time that it produces a much superior 
white. 

The o.vymuriatic acid for the use of the chemist, is 
usually obtained by distilling muriatic acid off the black 
oxide of manganese; but Berthollet suggested, for the 
use of the bleacher, the more economical method of ob¬ 
taining it by the decomposition of muriate of soda, which 
is effected by diluted sulphuric acid, and the oxide of man- 

f anese being added to the mixture, the muriatic acid is pro- 
uced, and oxygenized at the same time. The following 

a ortions of the ingredients, are considered by T. L. Rupp 
e best: 


Manganese . 3 parts. 

Common salt. 8 

Sulphuric acid.. • 6 

Water. 12 •• 
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The proportion of manganese must be varied according 
to its quality. The different ingredients should be in> 
timately mixed, and distilled in a leaden, earthen, or 
glass retort. The distillation should be carried on very 
slowly, and heat need not be applied till the first disen¬ 
gagement of gas has ceased, after which a sand-bath may 
be employed, or if the retort be of lead, it may be placed 
in a vessel of boiling-water. The retort must be connected 
with a receiver, which is designed to collect the muriatic 
acid that may come over in the first instance, and from 
this receiver proceeds a tube, the other extremity of 
which enters a cask of w'ater nearly at the bottom. By 
this means the gas has to rise through a considerable body 
of water, which is necessary, as it does not combine very 
readily with that fluid; its absorption is at the same time 
promoted by the motion of a circular frame placed in 
the middle of the cask, and whirled round by a handle 
placed at the top. The intermediate vessel for tlie re¬ 
tention of the muriatic acid may be dispensed with, by 
using a long-necked retort, which will condense this acid, 
and it may be caused to run back by giving a suitable in¬ 
clination to the neck of the retort. By this means the solu¬ 
tion of the acid can be made as strong as may be required. 
It requires to be stronger for coarse than for fine cloth, and 
for linen than for cotton. The average produce is stated by 
Berthollet at 100 quarts for every pound of muriate of soda 
that has been used. 

The strength of the bleacliing liquor may be tried by drop- 
ping a given measure of it into a tincture of cochineal, or a 
solution of indigo in sulphuric acid, of a certain strength, 
and by observing the discoloration produced, its strength is 
known. 

The cloth is prepared for bleaching by keeping it for 
some hours in a bath of warm water, and afterwards boil¬ 
ing it in an alkaline ley. containing 20 parts of water, 
and 1 part of potash rendered caustic by one-third of 
lime. After ‘this preparation, which opens its pores, re¬ 
moves the soluble part of the colouring matter, and thus 
prevents an unneessary waste of oxymuriatic acid, it 
must be disposed in the bleaching liquor in such a man¬ 
ner that every part may be equally exposed to its ac¬ 
tion. It is then alternately exposed to the action of 
the bleaching liquor and the alkaline ley, till it is ob¬ 
served to be sufficiently bleached; from ffiur to eight im¬ 
mersions will be required, according to the texture and kind of 
the cloth, and the colours to be destroyed. Cotton it so much 
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more easily bleached than linen, that when the liquor has little 
effect on the latter, it will answer perfectly well for the former. 
From the great volatility of the acid, it becomes desirable to 
employ close vessels, and one which is extremely simple, and 
answers the purpose perfectly well, was contrived by Theoph. 
L. Rupp, and described by himself in the Memoirs of the Li¬ 
terary and Philosophical Society of Manchester, vol. 5, part I. 
It consists of an oblong deal cistern made water-tight, and the 
dimensions of which are adapted to the quantity and size of 
the cloth intended to be bleached at once. This cistern is co-. 
vered by a lid, which has a rim that goes within the cistern, 
and fits it with tolerable accuracy, but may, if thought neces¬ 
sary, be further secured with pitch. Opposite each other, in 
a line running lengthwise in tne middle of the cistern, and at 
a distance equal to one-fourth of the length of the cistern, are 
placed two upright axles of beechwood or ash, one of whose 
extremities turns in a wooden step or socket, at the bottom of 
the cistern, and the other in a socket fixed in the lid, above 
which they project with a square termination for a handle or 
a pulley to be slipped upon them. Upon each axle is tightly 
fastened, by sewing to itself, a piece of strong canvass, one 
end of which, from the top to the bottom, is left projecting a 
little. To these pieces of canvass, the ends of the web of ca¬ 
lico, &c. to be bleached, may be fastened by wooden skewers, 
and either axle, on being turned by the handle or winch slip¬ 
ped on the square end at the top, will then have the calico 
wound upon it, and by putting the winch other axle, 

the web will be transferred to that axle. The axles are taken 
out of the cistern to fasten the cloth upon them ; when they 
are replaced, the cistern is filled with the bleaching liquor; 
and as by turning the winch, every part of the web is stretched 
in succession between the two axles, the whole will be equally 
blestched, which is an advantage that cannot be obtained by 
simple immersion. While the cloth is winding upon one of 
the axles, the ready motion of the other might cause it to 
become slack, and wind unequally; to prevent this, the axle 
from which it is drawn, has a small pulley slipped upon its 
square extremity, and a cord with a moderate weight attviched 
to it, causes sufficient friction to make the winding regular. 
When the bleaching liquor is exhausted, it is let off by 
a spigot and faucet even with the bottom of the cistern. On 
each axle near the bottom of the cistern, is a plain thin 
cylinder of wooi the diameter of which is at least equal 
to the diameter of the cloth, when entirely rolled upon either 
axle; its use is to present a shoulder upon which the cloth 
rally rest, and be prevented from slipping down. 

60.— Vol. II. 4 B 
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Experience must be the workman’s putde, in determining 
how long the cloth must be worked, and teach him to know 
the effect which a given quantity of bleaching liquor will pro* 
duce on a certain number of pieces; but this knowledge, with 
the use of the test liquor, is acquired without difficulty’ 

This apparatus may easily be adapted to the bleaching of 
yarn; for example, if the cylinder we have described as being 
situated near the bottom of each axle, to prevent the cloth 
from slipjping down, be removed to a situation just under the 
lid, and be perforated with holes in all directions, and tapes 
or strings, to support the skeins, be passed through these 
holes, the skeins nangihg down towards the bottom of the 
cistern, may be revolved as if a web was on the axles, and as 
the motion communicated to each skein will be equal, no en¬ 
tanglement will occur. Several axles, fitted up in this man¬ 
ner, might be connected by pulleys and bands, and turned 
by a single winch. 

To fill the cistern, a short pipe is fastened in the centre, 
or any other convenient part of the lid ; and a pipe from the 
cask in which the bleaching liquor is made, passes through 
this pipe to the bottom of the cistern; and by adapting stop¬ 
cocks to the tubes, the transfer may be made without allow¬ 
ing any gas to escape. 

The apparatus invented by l^upp. and which we have de¬ 
scribed above, was designed to fulfil several important con¬ 
ditions, all of which it secures. It was designed to be simple 
and economical in its construction; it was required to confine 
completely the vapours of the oxymuriatic acid, not only 
to prevent the loss of allowing it to escape, but to prevent the 
injurious effects which the breathing of these vapours would 
inevitably have on the health of the workmen. It must also 
be observed, that as potash when mixed with the bleaching 
liquor had been found to prevent the escape of noxious va¬ 
pours, that alkali had been employed as an essential ingredi¬ 
ent in the modes of bleaching previously used. But as the 
quantity of alkali employed, and which was entirely lost, was 
‘equal to about one-fourth of the weight of the salt, it ma^ an 
addition of 40 per cent, to the expense, and instead of in¬ 
creasing the bleaching power of the liquor, by ueutraliting a 
part of the acid, it actually diminished this power; the ad¬ 
vantage therefore gained by a mode of using the pure liquor^ 
appears of the first importance. 

But experience evinced that something was yet required; 
t1ie;exyiDUmttc acid atone had the effect of injuring In sbtte 
^egiree tbe fibres of the cloth, and an ingredient was therefore 
required ivhich Should be cheaper ihsa potash, and lesS in- 
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juriou* to the power of tbe liquor: the three earths, lime, ba¬ 
rytes, and magnesia, were all found to be capable of being 
used as substitutes, and lime soon obtained a preference on 
account of its being the cheapest. The first difficulty that 
presented itself in the use of this earth, arose out of the slight 
degree in which it is soluble in water; but it was found that 
all that was wanting could be accomplished by the mechanical 
suspension of the lime in water, by means of agitation, as when 
the oxymuriatic gas entered a close vessel where this was 
done, the oxymunate of lime, which is soluble in water, was 
completely formed, and the clear part of the water which con¬ 
tained it in solution, being drawn off from the undissolved or 
unsaturated part of the lime, was ready fur use as a bleachinv 
liquor. Subsequently, a further improvement was made, which 
consists in combining tbe oxymuriatic acid with dry lime, and 
dissolving a suitable proportion of this compound to form a 
bleaching liquor. For this invention a patent was taken out, 
but the exclusive right was contested in the court of King's 
bench, and decided against the patentee. It is therefore open 
to the public, and the use of the oxymuriate of lime, thus ob¬ 
tained, has long been in general use. It is prepared by intro¬ 
ducing the oxymuriatic acid, through leaden tubes, into slaked 
lime made from chalk. The advantages of using this salt 
are, tliat as it is easily preserved or conveyed to a distance, 
it can be purchased by the bleacher ready prepared, and by 
tbe solution of more or less of it, he can at all times immedi¬ 
ately obtain his liquor of the strength he requires. The 
strength of the liquor may be known by the hydrometer, or 
by trying its effect on diluted sulphate of indigo, in the same 
manner as the solution of the pure oxymuriatic acid is prov¬ 
ed i and the apparatus for exposing the cloth to its action 
may be the same. Objections have been made to tbe use of 
the oxymuriate of lime, on the ground of its injuring the 
cotton for the reception of some colours, and the oxymuriate 
of magnesia has been recommended as preferable: but as 
the latter would be six times the price of the former, the 
difference of expense amounts to its prohibition, unless greater 
advantages could be derived from tne use of it than have yet 
appeared. 

When the cloth has been completely bleached, it is rubbed 
hard with soft soap and warm water, and washed ; it is after¬ 
wards steeped in warm water containing from one-sixteenth 
to one^bundredth part of sulphuric acid. By this means its 
whiteness is f^urther heightened, the odour of the oxymuriatic 
aci«d which it retains is diminished, and any small quantity of 
iron or csdoareous earth contained in the cloth is carried off. 
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In the last stage of the proceas, the oloth is exposed for a fewr 
days to the open air in the field, and frequently watered, to 
remove every trace of the acids which have been employed. 

The colours of dyed silk or wool may be removed by the 
bleaching liquor, and the yellowness which it communicates 
to them may afterwards be removed by exposing them to the 
fumes of sulphur; but the practice is too hazardous for com* 
mercial use. 

The use of the alkaline ley, in bleaching, is to carry off the 
colouring matter which the action of the oxymuriatic acid has 
rendered soluble, and hence the necessity for the alternate use 
of tl)e two agents; but as it appeared probable that a cheaper 
ley, in wliich colouring matter was soluble, might be found 
than that of potash, which is usually employed, and proves 
very expensive; Dr. Higgins, after various conjectures and 
experiments on the part of himself and others, found the sul- 
phuret of lime well adapted to the purpose. Sulphur and 
lime are both cheap articles; they are easily combined, and 
they do not injure the linen. The suiphuret of lime may be 
prepared in the following manner for the purpose of bleach¬ 
ing : sulphur, or brimstone, in fine powder, four pounds; lime, 
well slaked and sifted, twenty pounds; water,sixteen gallons; 
these are to be well mixed, and boiled for about half an hour 
in an iron vessel, stirring them briskly from time to time. 
When the agitation of boiling is over, the solution of the sui¬ 
phuret of lime clears, and may be drawn off free from the in¬ 
soluble matter, the quantity of which is considerable. The 
liquor in this state has nearly the colour of small beer, but is 
not quite so transparent. Sixteen gallons of fresh water are 
afterwards to be poured upon the insoluble dregs in the 
boiler, in order to separate the whole of the suiphuret from 
them. The water last added, is boiled, and the dregs well 
agitated in it, and when it has become clear, it is drawn off 
and added to the first liquor: thirty-three gallons more of 
water are then added, and the liquor is afterwards reduced to 
the proper state for use. When the cloth has been perfectly 
cleansed from the weaver’s dressing, it is steeped in this 
liquor from twelve to eighteen hours, it is then taken out, and 
well washed. When dry, it is to be steeped in the solution 
of oxymuriate of lime eight to twelve hours, and then washed 
and dried. These processes are repeated till the cloth has 
been six times in each liquor, and it is then usually found to 
be completely bleached. The saving by the use of the sid- 
pburet of lime is considerable. 

The oxymuriatic acid has been extensively employed by paper 
manufacturers. It appears, at first view, to be well adapted to 
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this branch of trade, as it may be supposed that whether the 
rags, or the pulp to which they are reduced, is bleached, the 
large quantity of water employed would effectually remove 
every trace of the acid; but the fact is otherwise; large quanti¬ 
ties of paper, apparently made according to the best process 
for bleaching, have been rendered unfit for use; and in all 
bleached paper, the odour of the oxymuriatic acid is more or 
less perceptible to the smell, when a parcel of it is fresh opened. 
Different manufacturers are more or less successful in their use 
of bleaching, but in those cases where the process is so well 
conducted that the use of the acid can scarcely be suspected, 
the care bestowed in washing the pulp causes an additional ex¬ 
pense almost equal to that of using a more valuable rag without 
bleaching. The faults commonly attributed to bleached paper, 
and which in some degree obviously exist, are, that it is not so 
proper for writing upon, because the size is injured ; that in 
course of time it weakens the colour of writing ink, and its own 
whiteness diminishes; that it is apt to break in the folds, and 
from Its little coherence, is easily worn away by friction. It is 
said even to impair the colour of printing ink, but this has not 
been fully ascertained. If those who are not very well ac¬ 
quainted with the subject, wish to ascertain whether a parcel 
of paper is bleached or not, they may hold a piece of it to the 
fire, till it is thoroughly dried, but not browned, then, while it 
is yet hot, they may suddenly crumple it up in their hands. 
If the paper retain any injurious proportion of acid, it will by 
this treatment fall in pieces; but if it break in none of the 
creases, it may be deemed fit for any purpose. 

The oxymuriatic acid has been applied to the bleaching of 
printed books, and impressions of engravings; but if it have the 
injurious effects upon paper alluded to above, notwithstanding 
the superior chance of having the acid extracted in the manu¬ 
facture, it must be obvious that it can only be applied to those 
which are of little or no value until restored by its use. The 
paper of an engraving, however soiled by smoke, ink, 8cc. may 
speedily be restored to a brilliant white, by simply immersing 
it in the oxymuriatic acid, allowing it to remairi a longer or 
shorter time, according to the strength of the acid solution, or 
the degree in which it is stained. When a volume is intended 
to be bleached, the binding must be destroyed to separate it 
into leaves. Tlie leaves are then placed flat in a leaden cistern, 
and separated from each other by thin slips of glass or wood: 
or the leaves may be suspended vertically over narrow slips of 
wood placed very near each other. In either case, the acid 
must be poured in gently by the sides of the vessel, to prevent 
disttrraBging the leaves, and when the full effect has been pro- 
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duced on the paper, it should be drawn off at the bottom, and 
its place supplied by pure water, which should be changed se¬ 
veral times, or until the smell and taste of the acid appears to 
be wholly removed from the paper. Cha<ptal observes, that 
when he had to bleach prints so torn that tney exhibited only 
scraps pasted upon other paper, he was afraid of losing these 
scraps in the liquid, because the paste became dissolved. In 
such cases, he enclosed the prints in a cylindrical glass vessel, 
which he inverted on the water in which he had put the mix¬ 
ture proper for extricating the oxymuriatic acid gas. This 
vapour, by tilling the whole inside of the jar, acted upon the 
print; extracted the grease as well as ink-spots, and the frag¬ 
ments remained pasted to the paper. 

When for such purposes as bleaching prints, a small quan¬ 
tity of the oxygenated acid is required, without the trouble 
which w'ould attend obtaining it by distillation, it will suffice 
to add the black oxide of manganese, or the red oxide of lead, 
to common muriatic acid diluted with water. The bottle in 
which the mixture is made should be strong, or its stopper 
not made very fast, as the elastic vapour which is extricated 
might otherwise cause an explosion. At the end of two or 
three hours, the acid will have become colourless, and may be 
used after a little further dilution. It has an acid taste, be¬ 
cause not perfectly saturated with oxygen. 

To bleach old printed paper, for the purpose of being 
worked up again, Fajot des Charmes directs the paper to be 
boiled for an instant in a solution of caustic soda, i hat from 
kelp may be used. Then steep it in soap-suds, and wash it; 
after which it may be reduced to a pulp. The soap may be 
omitted, if it be^thouglit proper. 

For old written paper, to be worked up again: steep it in 
water acidulated with sulphuric acid, and then wash it well 
before it is taken to the mill. If the water be heated, it will 
be more effectual. 

To bleach printed paper, without destroying its texture: 
steep the leaves in a caustic solution of soda, either hot or 
cold, and then in a solution of soap. Arrange thetn alter 
nately between cloths, as paper-makers do their sheets ol 
paper when delivered from the form, and subject them to the 
press. If one operation does not render them sufficiently 
white, it may be repeated as often as necessary. 

To bleaeh old written paper, without destroying its textures 
ste^ the paper in water acidulated with sulphuric acid, eith^ 
hot eoia; and then in a solution of oxymuriatic acid; after 
whidf fiiinerse it in water, that none of the acid may remain he- 
‘Tbia pi^eri pressed and dried, will be fit for use. 
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BREWING. 


Bjiewino is the art of preparing a vinous liquor from farina> 
ceous seeds, particularly malt, the liquor from which is known 
by the names of beer, ale, and porter. 

Malt liquor is composed of water, and the soluble parts of 
malt and hops, fermented with yeast; we shall therefore treat 
in succession of the preparation and best state of its compo¬ 
nent parts for the intended purpose. 

Of the Water most suitable for Brewing. 

Pure water is soft and light, and the softest and lightest 
water is the fittest for brewing; if it possess these properties, 
it is of little consequence whether it be rain, river, spring, or 
pond water. Rain-water which has stood for some lime, to 
deposit the foreign particles washed down witli it from the 
surfaces on which it has fallen, is generally the softest, river- 
water is the next, pond-water is frequently not unsuitable, but 
spring-water is seldom so free from mineral and saline par¬ 
ticles as to be preferred when any other can be obtained ; the 
substances it holds in solution generally render it incapable 
of extracting the whole of the valuable parts of the malt. 
Water that makes good tea, or is well fitted for domestic 
washing, may be considered as possessing the general proper¬ 
ties which render it suitable for brewing. 

Of Ma^. 

Barley is converted into malt by a process called malting, 
which consists in causing the seed to germinate, and stopping 
its growth at a certain point, by drying it with a slow and re¬ 
gular heat; so that it shall be completely deprived of adven¬ 
titious moisture, without being scorched. It is best prepared 
with coke-fuel. The better the malt is dried, the sounder will 
be the liquor brewed from it, and the longer it will keep. To 
make malt, the barley is covered with water, until it is com¬ 
pletely saturated with that fluid, which happens generally in 
from iorty to sixty hours. To allow the barley to remain after 
saturation, would occasion some loss of its most valuable 
parts: as soon therefore as the saturation is complete, the 
watff is drained off, and it is taken to the malt-floor, where it 
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is left for about twenty-four hours in a heap about sixteen 
inches deep. It is next spread on a cool floor, turned two or 
three times a day, spread thinner at each turning, and sprinkled 
with water to keep it moist. The turning is to prevent its 
heating too much. As soon as the ascrospire, or future stem, 
begins to appear, it is taken to the kiln, and after being there 
dried in the gradual manner above alluded to, and cleansed 
from the small roots, it is fit for use. Barley, by malting, ge¬ 
nerally increases two or three per cent, in bulk, and loses 
about one-tifth of its weight; but the essential change pro¬ 
duced by the process, is the full development of its saccha¬ 
rine matter. 

To ascertain the quality of malt, bite a grain of it asunder, 
and if it tastes mellow and sweet, breaks soft, and is full of 
flour from one end to the other, it is good ; if good, also, it 
will swim on water. When imperfectly malten, it is heavy 
and hard. 

Pale malt is the most slowly dried, and is sold at a higher 
price than other malt; but it produces a greater quantity of 
wort than brown high-dried malt, and the liquor is sooner fit 
for drinking. High-dried malt is chiefly used to give a deeper 
colour to the liquor, but the same object may be better ob¬ 
tained by using burnt sugar. The following table by Com- 
brune, will afford the means of determining, from the colour 
of malt, the temperature to which it has been e.vpo3ed on the 
kiln, and the time in which the liquor prepared from it will 
be fit for drinking. 
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D«(rr. 

of 

Fahr. 

Colonr of ihe malt. 

Time requir¬ 
ed to render 
tbe liquor fit 
for drinking. 

119 

White. 

UeeU. 

124 

Cream-colour. 

1 month 

129 

Light yellow . 

3 months 

134 

Amber-colour. 

4 .. 

138 

High Amber. 

5 .. 

143 

Pale brown. 

6 .. 

148 

Brown. 

10 .. 

A 

162 

High brown. 

15 .. 

167 

Brown inclining to black 

20 .. 

162 

t High brown, speckled i 
t with black.5 

2 years 


! 


i 


Renwrkc. 


These, wlien properl \ bre«r> 
ed, become spontaoe- 
oufl; bright. 


By precipitation, these 
be<x)ine bright in e 
short time. 


With precipitation, 

these require 8 or 1® 
inonilis to becosM 
bright. 


With precipitation, 

these may be (i&ed, 
bat will never become 
bright. 


Before malt is fit for the brewer, it must be coarsely ground 
or crushed ; or the husk would in a great measure defend the 
grain from the action of the water. To bruise it in a mill 
between two iron cylinders is considered the best preparation 
it can have. After it has been ground or bruised, it is better 
to allow it to cool for a few weeks in a dry place, than to use 
it immediately as it comes from the mill. 


Of Hops, 

A liquor derived from malt only, would speedily run into 
the acetous fermentation; to check this propensity, therefore, 
and to improve the flavour, some aromatic bitter is combined 
with it, and of all herbs for these purposes, h<ms have been 
found the most wholesome, pleasant, and effectual. The 
newer the hops are, the better they answer for the brewer; 
their fragrance being diminished by keeping, whatever may 
be the care with which they are preserved. If they have been 
60.—VoL. II. 4 Cf 
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slack-dried, or kept in a damp place, they are unfit for use. 
They yield their aromatic bitter more efficaciously when boiled 
in wort than in water; hence, to impregnate the extract from 
malt with a due proportion of hops, their strength, as well as 
that of the extract, should previously be ascertained. Private 
families, who regard only the flavour and salubrity of their 
malt-liquors, may use from six to eight bushels of malt to the 
hogshead of their strongest beer. Ihe quantity of hops must 
be suited to the taste of the drinker, and to the time the 
liquor is intended to be kept. From two to three pounds will 
be sufficient for a hogshead, though some chuse to put in so 
much as six pounds. 

Hops contain gallic acid and tannin; they operate by de¬ 
priving wort of the mucilage which disposes it-to acidify. 

Mills recommends small beer to be brewed by itself; in 
which case two bushels and a half of malt, and a pound and a 
half of hops, are sufficient to make a hogshead. 

Of the Vessels used in lireicing. 

Cleanliness should be strictly maintained in each depart 
ment of the brewhouse, every vessel must be perfectly free 
from the slightest taint or smell; for which purpose they 
should be repeatedly scoured with cold water, and afterwards 
rinsed with hot or boiling water; it would be a great advan¬ 
tage if the interior of all the wooden vessels were charred, as 
by this means their disposition to become tainted would be 
exceedingly diminished. 

The utensils of a brewery are the following: 

1. The liquor-back, which is merely a reservoif for the cold 
water. 

2. The copper, in which the liquor is heated. 

3. The copper-back. 

4. The mash-tun, a wooden vessel in which the operation of 
mashing is performed. 

6. The under-back, into which the wort is drawn off after 
mashing. 

" 6. Tho jack-back, which receives the-wort after it has been 
boiled with the hops, and has in some breweries a cast-iron lloor« 
pierced with small holes, to admit the wort, but retain the.hops. 

7. The coolers, which are shallow tubs, to cool the wort in 
a short time, by presenting a large surface to the air. 

8. The tuns or squares, in which the liquor is first put 
to ferment. 

Casks, 4lt number and size proportioned to the quantity 
bresrsd ftt once. 
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To diminish the nnmber of vessels required in brewing, 
and to simplify the ^operation, J. B. Bordley, an ingenious 
American, describes an invention of his, which is well adapted 
to family use. He calls it the tripartite method of hrewing^ 
because the kettle-apparatus is worked in three divisions. 
This vessel is represented at fig. 1, (pi. Brewing, &c.) The 
whole vessel is 40 inches long, 20 broad, and 24 deep; of 
these dimensions the division a occupies thirteen; h nine; 
and c two inches in the depth. The horizontal lines indicate 
where the perforated moveable bottoms are placed. In a is 
the water or wort; b contains the malt; and into c the hot 
water is pumped up, or poured over from a to c, by means of 
the small pump d; and thus passes through every particle of 
the malt; so that, by frequent agitation, the water washes 
out its whole substance, and extracts all its farinaceous and 
saccharine parts. This operation is repeated, occasionally 
stirring up the grains, till the liquor becomes clear, w'hen it 
should be briskly boiled, and then drained off into coolers, 
for which purpose a cock is placed in one side close to the 
bottom. The inventor observes, that a Swedish mode of 
brewing in camp afforded him the hint for this process. He 
remarks that his tripartite kettle is made of copper; but the 
pump would be perhaps best made of wood, or pure tin, to 
prevent the formation of verdigris. 

Of Mashing, 

The mash-tun is shallow in proportion to its diameter, and is 
furnished with a false bottom, a few inches above the real one, . 
pierced with small holes, and made either moveable or fixed. 
There are two side openings in the interval between the real 
and false bottom, to which pipes are fixed, one for the pur¬ 
pose of conveying water into the tun, and the other for draw¬ 
ing liquor out of it. The malt is to be strewed evenly over 
the false bottom of the tun, and then, by means of the side 
pipe, a proper quantity of hot water is introduced from the 
upper copper. The water rises through the malt, or, as it is 
called, the grist, arid when the whole quantity is introduced 
from the upper copper, the mashing begins, the object of 
which is to effect a perfect mixture of the malt with the water, 
so that all the soluble parts may be extracted ; for this pur¬ 
pose the grist is diflfused through the water by means of iron 
rakes, ana then the whole is beaten for a quarter of an hour 
with long flat wooden poles resembling oars, which are either 
worked by hand or machinery, according to the magnitude of 
the scale of operaticWhen the mashing is com{neted, the 
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tun is covered, to prevent the escape of heat, and the whole 
is suffered to stand about an hour and a half, when the insolu¬ 
ble parts will have separated from the liquor. The side hole 
is then opened, and tne clear wort allowed to run off slowly 
at first, but more rapidly as it becomes fine, into the lower or 
boiling copper. 

Great care must be taken that the water be not conveyed to 
the malt at a boiling beat, which would convert the malt into 
paste. In order to obtain it of a proper temperature. Combrune 
recommends, that when it boils, to every 22 given measures 
of it, ten equal measures of cold water should be added ; this 
will reduce Us temperature to about 161 degrees of Fahrenheit, 
which he considers the best heat for mashing; but it must be 
observed, that the darker the colour of the malt used, the 
lower must-be the temperature of the water: for pale malt, 
the water may be 180 degrees; but for brown, it should be 
from 10 to 20 degrees lower. 

The water of the first mashing is by much the richest in sac 
charine parts; but to exhaust the malt, a second and a third 
mashing is required, and the water, in these latter operations, 
may safely be used almost boiling hot, as for example at 190 
degrees or upwards. When the liquor is intended to be all of 
one quality, the produce of each mashing may be drawn off into 
the same vessel; but if ale is to be made at tiie same time with 
beer, the produce of the first mashing should be kept apart for it. 

The quantity of wort to be drawn from the malt, depends, it 
must be obvious, upon the strength of the liquor required. 
For small beer, 25 or 30 gallons may be taken from each 
bushel of malt; for good table beer, 2^ bushels of malt should 
be allowed to the cask of 36 gallons; and for ale, 4 bushels 
of malt for a like quantity. And in determining the quantity 
to be drawn off, three gallons and three quarters of Water must 
be allowed for what each bushel of malt will absorb. 

Of Jioilittg and Hopping. 

When the wort intended for the same liquor has been trans¬ 
ferred from the mash-tun to the lower copper, it must be mixed, 
while it is heating, with a due proportion of bops. In private 
families, where the difference of expense between a full pro¬ 
portion of bops, and the least quantity that will sufiSce, is 
insignificant, one pound of bops is added for each bushel of 
malt, whether.for small beer or ale; in public breweries the 
proportion is rather less, and less for ale than for beer. 

When both tile and beer are made from the same malt^ the 
practice eometimes is to put the whole of the hops into the ale 
wort, and then ejchaast wem afterwards with the beer wort. 
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The wort for the purpose of purifying it, should be made to 
boil as quickly as possible, and towards the end of the boil¬ 
ing, the hops should be put in; if the hops be boiled for a 
long time, the extract obtained from them injures the flavour 
of the beer, and their best part flies off*. In general, from 
five to ten minutes will be sufficient; they have produced 
their proper effect, when the liquor, on a little of it being 
taken out of the copper, is found to be full of small flakes 
like those of curdled soap. In small brewings, the boiling 
copper is uncovered, but in breweries on a large scale, it is 
fitted with a steam-tight cover, from the centre of which 
passes a pipe, that teiminates by several branches in the upper 
copper. The steam, therefore, produced by the boiling, in¬ 
stead of being wasted, is let into the cold water, which it 
raises very nearly to the temperature required for mashing, 
besides 'nipregnating it very sensibly with the essential oil or 
fragrant part of the hops. 

Of Cooling the Wort. 

When the liquor is sufficiently boiled, it is transferred from 
the boiling copper to the coolers, where it is exposed to a free 
current of air, and allowed to remain till-it has deposited the 
hop seeds and coagulated flakes with which it was charged, 
and become sufficiently cold for fermentation. It is consi¬ 
dered sufficiently cool, when the discharge of steam has so 
far decreased, that its surface reflects the image of the face 
like a mirror : but the surest mode is to use the thermometer: 
if intended for immediate drinking, it need not be cooled lower 
than 76 or 80 degrees ; if designed to be kept a long time, it 
should at least be cooled to 65 or 70 degrees, and therefore 
can only be hiade in temperate weather. 

The liquor in the coolers should be exposed to a draft of 
air, as if the atmosphere over it were not constantly changing, 
it w ould, particularly in hot weather, soon acquire a nause¬ 
ous smell and taste, and spots of white mould would form on 
its surface. The coolers are generally made of wood, which 
conducts heat so slowly as to be unfavourable to a speedy 
reduction of the tenmerature of the wort. Metallic coolers 
would produce the effect sooner, and a patent has been taken 
out for the use of iron ones; but the most complete and rapid 
mode of cooling wort, is certainly that of passing it through 
a worm, like that of a still, contained in water kept constantly 
cool; by which means the fine flavour of the ho]^ is saved. 





572 


BREWING. 


■ ■■ M 1.1 . . . . . ,11 

Pro^TM* of fonnrnUtioo ; temporotofo it roquiros. 


Of Fermentation. 

The change produced by fermentation in a saccharine fluid, 
such as wort, has already been adverted to, at page 602. It is 
here only necessary to observe, that when the wort has been 
properly cooled, and transferred from the coolers to the work¬ 
ing tun, a pint of sound fresh yeast (from strong beer, if such 
can be obtained) is added for every 9 gallons of liquor. The 
fermentation commences at the side, and in the course of four 
or five hours, its efl'ect is perceptible all over the surface. 
When the fermentation has attained its height, which is known 
by the head of yeast beginning to decline in the middle, the 
liquor is fit for barrelling. This is generally the case in eigh¬ 
teen or twenty hours, if it is let down into the tun hot: but 
if it be set for fermentation at GO or 66 degrees, it requires 
forty-eight hours for the fermentation to attain its height; and 
this slow fermentation is more favourable to the goodness of 
the liquor than the other. It has been usually saio^ that a free 
exposure to air promotes fermentation, even if it is not neces¬ 
sary to it; but experiment does not confirm this opinion. 
Collier fermented wort as perfectly in a close as in an open 
vessel, with these advantages in favour of the close vessel, 
that the wort was incapable of the acetous fermentation, access 
of air being necessary to the formation of acid, and that it 
had not sustained by the fermentation above one-fifth of the 
loss of measure of the other; and therefore it afforded a pro¬ 
portionately greater quantity of spirit when distilled, though 
in the quality there was no perceptible difference. By a close 
vessel, in this experiment, is meant a vessel, with an air-tight 
cover, in which was inserted a tube that terminated in water, 
as represented by fig. 2, plate Brewing, &c. 

When the heat of the atmosphere is more than 60 degrees, 
the cool of the night must be chosen for setting the wort to 
work, and about three o’clock in the morning may be considered 
the coolest part of the twenty-four hours. If the temperature 
of the atmosphere is several degrees below 60 of Fahr. the 
wort may be set at a greater heat than that of the air; for as 
the tendency to fermentation increases, with the heat of the 
weather, it is necessary to correct it, by putting the liquor to 
work cooler, in hot weather, than in cold. If the air is at 30 
degrees, small beer should be set to work at 70 degrees; beer 
iniesded for keeping at 66°; and amber or glutinous ales at 
When the air is at 50 degrees, all these kinds may be 
set on wprIt.Rt 50°. In the course of fermentation, the tem¬ 
perature 0^ the wort has generally risen 10 degiees, by the 
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time it attains its height, although the temperature of the air 
continues the same. Spring and autumn are considered the 
most favourable seasons for brewing, on account of the mo¬ 
derate temperature which then generally prevails. 

When barrels are filled with the fermented wort, their bung- 
holes are left open, the fermentation still goes on, and tii order 
that the yeast may be wholly driven over, the barrel is filled 
up once or twice a day for a few days. In about a week it 
may be closed, and afterwards the liquor will .become clear 
and fit for use. 


Of fining the Liquor, 

When the wort and fermentation have been perfectly well 
managed, the liquor in due time becomes perfectly fine and 
transparent in the cask ; but when this does not happen spon¬ 
taneously, means are used to produce it. The most usual 
fining is composed of sour beer brewed on purpose, without 
hops, from a fourth mash, and in which isinglass is dissolved. 
It spreads on the surface of the liquor, and sinking down, 
carries the impurities along with it to the bottom. This fining 
is not alw'ays effectual for brown beers; therefore for such, a 
*quantity of oil of vitriol, not more than four ounces to a butt, 
is used. 

When beer is ropy, it may be cured by putting a bunch of 
hyssop into the cask. 

If beer has become cloudy after thunder, a gallon of it 
(for every 36 gallons) may be boiled for half an hour, with an 
ounce of new hops, and a handful of salt; this portion may be 
returned into the barrel, and stirred up for a few minutes with 
the remainder; and in about twelve hours afterwards the 
whole will be found to be perfectly recovered. 

When beer has acquired a peculiar taste of the cask, either 
by long keeping, from the astringency of the oak, or for want 
of proper cleanliness, it is advisable to suspend in it a hand¬ 
ful of wheat tied up in a bag; which generally removes the 
disagreeable taste. 


Of Porter. 

Ale. differs from beer, in general, only in being stronger, 
though it is sometimes brewed with a smaller proportion of 
hops, and is not so much fermented as beer; but porter differs 
from both ale and beer, in containing several iilgredients which 
modify the flavour of the malt and hops. Porter is often 
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adulterated with deleterious drugs, on which account the 
domestic brewing of it is desirable. Child, in his treatise, 
entitled ** Every Man his own Brewer,” has given the follow¬ 
ing recipe for preparing it in small quantity:— 


£. t. 

One peck of malt .0 2 

A quarter of a pound of liquorice root. .0 0 

Spanish juice ...0 0 

Essentia bina.0 0 

Colour. 0 0 

Half a pound of treacle....0 0 

A quarter of a pound of hops.0 0 

Casicum and ginger . ..0 0 

The expense of coals. 0 0 


d. 

6 

2 

2 

2 

2 

3 

G 

1 

G 


0 4 6 


These articles, managed according to the directions for brew¬ 
ing, will produce six gallons of good porter, which, at Is. 6d. 
per gallon, would cost nine shillings, so that one half of the 
expense is saved by making it at home, and independent of 
the economy, the liq^uor will be wholesome and palatable; 
which is not always the case with the liquor of the public 
breweries. By augmenting the ingredients in their relative 
proportions, any quantity of porter may be brewed. 

It may be necessary to explain the manner of preparing the 
essentia hina, and the colour. In order to procure tne former, 
ft quarter of a pound of moist sugar should be boiled in an 
iron vessel till it attain the consistence of a thick black simp, 
which is remarkably bitter. 

The colour is produced by boiling a similar quantity of moist 
sugar, till it acquires a taste between 8W€^et and nitter; it 
imparfs thft fuie mellow tint so much admired in good porter. 

In preparing the essence and colour, it will he necessary to 
ei^ploy a small portion of pure or of lime water; because they 
wiU ottierwise grow hard and dry, if sudBtred to stand till they 
become cold. They are added to the first wort, with which 
they, are boiled# 


Alode of preparing Yeast. 

«; ^ the yeast n^uired for brewing cannot be 

ft]i» <hr oimnot be obtiiiiied at the time it is ft^ted. 
«oues^ the fnUewing mode of prepansg yeast, id^^tod 













DISTILLATION. 


575 


Effect of beat oa fenaeated ftaida. 


by W. Mason, will be useful. It is taken from the transac¬ 
tions of the Society for the Encouragement of Arts, See. 

Procure three vessels, of different sizes; one capable of hold¬ 
ing two quarts, the other three or four, and the third five or six. 
Boil a quarter of a peck of malt, for about eight or ten minutes, 
in three pints of water; and when a quart is poured off* from 
the grains, let it stand in a cool place, till not quite cold, but 
retaining the degree of heat which the brewers find proper for 
commencing fermentation. Then remove the vessel into some 
situation near the fire, where the thermometer stands between 
70 and 80 degrees, and there let it remain till the fermentation 
begins, which will be in about thirty hours; add then two 
quarts more of a like decoction of malt, when cool; and stir it 
well in the larger sized vessel; then proceed as before; after 
which, add an equal quantity more, and mix all in the largest 
vessel, and it will produce yeast sufficient for a brewing of 
forty gallons. 


DISTILLATION 

Distillation is the art of separating the volatile and spiritu¬ 
ous from the fixed and watery parts of fermented liquors. 

When a fluid which has undergone the vinous fermentation, 
is exposed to the action of heat, the vapour which arises from 
it, is, when collected and condensed by the reduction of its 
temperature, again converted into a fluid : but the fluid thus 
obtained is found to have different properties to that trom which 
it was derived, and it receives the name of spirit. This spirit 
consists of water and a peculiar fluid called alcohol, of which 
we have treated at page 504. Alcohol, in combination with 
more or less water, and flavoured by the aroma of the different 
substances from which it is obtained, forms brandy, jum, ge 
neva, and all the various descriptions of spirit known in com¬ 
merce. The art of the distiller consists in selecting the most 
convenient mode of heating the fermented fluid, of condensing 
the vapour it afifords, while he prevents the intermixture with 
his products of whatever would injure their flavour; and to 
accomplish these purposes, although apparently so simple, it 
is found that great care and skill are required. 

The distillations performed by the chemist, with the retort, 
the alembic, the lamp-furnace, the pneumato-chemical and 
Wouife^B emparatuB, tor obtaining gaseous and volatile pro* 
6 I.—V 0 L. II. 4 D 
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ducts in general, are essentially the saiai ti the dietadatidnis 
conducted for the commercial purpose of obtaining spirit; bnt 
the scale is different: the chemist has his whole apparatus so 
completely under his eye, that he can adjust the heat and other 
circumstances with great nicety: when he has vapour to con« 
dense, in using, for example, the lamp>fumace, a wet sponge 
placed on the beak of the retort will suffice; but the commer* 
cial distiller requires for the purpose of condensation, a long 
convoluted tube, passing through an immense body of water, 
which must be constanUy renewed; the difference of scale, 
therefore, requires more than a mere enlargement of the appa> 
ratus, and there has in fact been found ample scope for im¬ 
provements in the art. 

The substances from which spirit is obtained are usually 
barley, wheat, oats, rye, sugar, or molasses. In countries 
where the grape ripens in the open air, wine is distilled for 
this purpose: nence the superiority of the brandies of France; 
the spirit afforded by good wines containing the finest aroma 
of all products capable of yielding alcohol. When grain is 
used, it is malted according to the usual process, like barley 
for brewing; and the fermentation is conducted in the same 
manner. After fermentation, the fluid intended to be distilled 
is called wa$h, and it is ready for the still. 

A still consists of a boiler, which contains the wash; and a 
tube, in passing through which the vapours'are condensed; 
the tube is convoluted, in order that it may have a great lei^th 
in a moderate compass, and it is thence called the worm. The 
boiler formerly used, was a cylinder, the height of which was 
in general one-half greater than its diameter; but the French, 
who have always been foremc»it in the improvements which this 
art has received, have introduced a much superior form, see 
fig. 3, (plate Brewing—Distilling.) Tbe height of the boiler 
has been consideramy diminished, its width augmented, and 
instead of being cylindrical, k widens upwards gradually to 
within About three or four inches of die top; there the sides 
are curved into, an arch, and become narrower; hence its form 
isJn fact sinular to that of a common tea-kettle x the mouthed, 
is of the same dfiameter as the bottom o b. To the boiler is 
fitted a oonical head, in the intorior of which, roundi the lowmr 
fdge, < is a chaimel, destined to receive the liquid condensed 
agnMmttiieaidM, And which, instead of returning to the boiler, 
is contw^ed into the worm. In the old comitracttoii,4lmhead 
G^mhntcated with the worm by an iimUned tube nf a very 
standi difmaeti^^ but now the tulm in this skuatioii, akits hsse 

the bead, and diminishes in diamctetaSiit 
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difference betvreen the new boiler and the old one, consists in 
the shape of the bottom; the old ones were fiat; this is con* 
cave;, in the manner shewn by the dotted segment of a cirtde 
a By this means, the heat received is nearly equal at every 
point directly exposed to the fire; and as the bottom is convex 
within, the sediment from the wash falls round its edge, where 
from its resting on the brick>work, and not receiving the direct 
heat, it is not liable, from being burnt, to give an empyreumatic 
taste to the spirit. Two inches of the circumference of the 
bottom rest on brick-work. The boiler is filled by the aper¬ 
ture 0 . 

In the old construction of the furnace, the heat was applied 
only to the bottom of the boiler; and a further loss was sus¬ 
tained by placing, as is still common in furnaces generally, the 
centre of the grate under the centre of the boiler; without re¬ 
flecting that the stream of air towards the chimney always car¬ 
ries the heat and flame in an oblique direction towards the end 
of the boiler. At present the end of the grate next the chim¬ 
ney is not placed mrther back than the middle of the boiler, 
and the heated air is conducted round the boiler before it 

{ lasses off, by which the whole mass of fluid in the boiler is 
leated at once, ^nd the beat may be maintained with great 
regularity, while a much less quantity of fuel will suffice. The 
brick-work surrounding the boiler reaches as high as the 
circle k k. 

The worm is generally made of tin or pewter, and is the same 
as that in common use, except that at the commencement I, 
where it is connected with the beak of the head of the boiler, 
it is wider than they were formerly made, and tapers gradually 
towards the discharging extremity m. The reason of this is 
evident, because vapour, only partly condensed, requires more 
room than when the whole is fluid. The refrigeratory, or ves¬ 
sel AB, is kept constantly filled with cold water; this is effect¬ 
ed by a tube n, which descends and opens nearly at the bot¬ 
tom of it, and brings a supply of cold water from a greater ele¬ 
vation; while another tube, r, conveys the hot water with equal 
rapidity .from the top. By this means the condensation is so 
complete, that the spirit discharged at m, exhales little or no 
odour. As it is often not possible to have the water from a 
greater elevation than the refrigerator, without raising it by 
mechanical means, the following plan, by Alexander Johnston, 
is highly entitled to attention, as in it the siphon is applied to 
the worm-tub as a refrigerator; and water is conveyed in any 
quantity to a worm-tub of the largest dimension, if perfect^ 
air-tight; it is represented at figure 4, (pi. Bre^ving—Distil¬ 
ling.) A, is the feed pipe of cola water. B, the hot water, mr 
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waste pipe, the end of which most he about two ieet low«r 
than the feed pipe, to make it act with fuU effect* 

When the woni is commmiced, the oocks must be shut, and 
the tub filled through a hole at the top, and of course, both 
pipes; and, when full, the hole at the top is to be stopped, and 
the cocks opened together; the water will then commence 
running, and continue as long as the supply holds good, as it 
acts in every respect on the principle of a siphon. By this 
means, pumps, horse>mills, and other machinery, are rendered 
unnecessary for that purpose. Tlie application of this improve¬ 
ment is simple, and executed at a very little expense. The 
saving, for the city of Dublin alone, is calculated at upwards 
of one hundred horses per annum. 

The quantity and excellence of the spirit produced by the 
French, in conseq^uence of the alterations they have made in 
the old method of distilling, have decisively shown the value 
of the new plane, which may be adopted without the disad¬ 
vantage of increasing the first cost or complexity of the appa¬ 
ratus } but the apparatus required for the more recent improve¬ 
ments in distillation, are liable to both these objections, al¬ 
though it must be allowed that they appear to carry the art 
to perfection. They consist in the application of Woulfe's 
apparatus to this purpose; wine being put into the boiler, and 
into ail the intermediate receivers between the boiler and the 
worm, the tube from the boiler plunges into the wine of the 
first receiver, to which it communicates sufficient heat to raise 
its contents in vapour; this vapour has the same effect on the 
wine of the next receiver, and after the continuation of the 
process through as many receivers as may be thought proper, 
the whole of me vapour finally extricated is condensed in the 
usual way by passing through a worm. By this truly ingenious 
apparatus, spirit of various degrees of concentration may be 
ODtained at one operation, according as the product of the first, 
the second, or any other receiver, is taken; the consumption 
of fuel is extremely small; the products excellent, as well as 
greater in quantity than by any other means; and by using 
water instead of wine in the boiler, the possibility of an empy- 
reomatic taste is prevented. 

In distilling from grain, an oil is apt to come over, which 
injury the taste of the spirit; it is usual to keOp it back by 
adding a ^ttle sulphuric acid to the wash. 

The tMpm^paratiye salubrity of the Spirit or geneva made in 
Htdl&hd Is notorious, and it has been supposed that nothing 
It OSH bo ptodttced in this country; but it appears to be 
entliyiy t&e I’OSalt of the care they take in their proootset. 
Thoy tiso ^fathmosi pexfect grainy midf iiso it only wfaen|>eslBbtly 
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malted, aware that a fourth part more spirit is obtained ffonS 
such grain, than from that of which the germination has been 
checked too soon, or suffered to continue too long. The best 
Hollands is prepared from wheat, which is the fittest grain for 
this use, and is more productive than barley ; but rye yields 
about one-third more spirit than wheat, and is more extensively 
used in Holland. The fermentation is continued about three 
days: tlje first distillation is extremely slow; and and the ob¬ 
servation of this point is essential; the second distillation, or 
rectification, is done with juniper berries. The most rigid 
cleanliness is observed; and the vessels are cleansed with lime- 
water, instead of soap, which would give the liquor a urinous 
taste. They use the rye grown on a calcareous soil, and never, 
if they can avoid it, that of fat clayey ground. It is Prussian 
rye they employ. A little malt added to rye improves the 
flavour, but not the quantity of the spirit. 

The rectification of spirits consists in the re-distillation of 
them in order to make them clean, and increase their strength; 
and in this no difficulty occurs, if the first distillation have 
been well conducted. When the distillation has been perform¬ 
ed twice in the common way, for which purpose the spirit is 
mixed with an equal quantity of pure water, and a little soda 
is put in. it is often performed for the last time with a water- 
bath. If the liquor has been burnt in the still, it is put into 
charred casks for some weeks, and is mixed with charcoal 
powder when distilled. 

A clean spirit, that is, one perfectly free from its own essen¬ 
tial oil, is used to digest with substances containing agreeable 
essential oils, such as cinnamon, aniseed, &c. and on these 
mixtures being distilled, the spirit having extracted their oils, 
comes over impregnated with them. It is in this way that the 
various kinds of cordial waters are prepared; and which, instead 
of the delusive name they have received, ought to be charac¬ 
terized in a manner indicative of their destructive effects on 
the human constitution when used as a beverage : the term 
liquid-Jire has not unaptly been given them. 

With respect to the usual moae in which distillation is con¬ 
ducted in the great public distilleries, the most interestihg 
account that has been communicated to the public, is that 
contained in the deposition of James Forbes, of Dublin, who 
was for many years concerned in a large distillery. It is fi*om 
the Appendix to the Fifth Report of the Commissioners of 
In Quiry into the Fees, &c. received in the Public Offices of 
Ireland; which report was printed by order of the House of 
Conunons: 

** The com is first ground, then mashed with water, and the 
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worts, after being pooled, are set for fermentation, to promote 
which, a quantity of barm is added to them, and they become 
wash; the wash is then passed through the still, and makes 
singlings, and these being again passed through the still, rro- 
duce spirits s the latter part of this running being weak, is 
called feints. When singlings are put into the still, a small 
quantity of soap is added, to prevent the still from running 
foul, a dessert spoonful of vitriol well mixed with oil, is put 
into a puncheon of spirits, to make them show a bead wnen 
reduced with water: mis is only done with spirits intended for 
home consumption, and no vitriol is used in any other part of 
the process. In this distillery, the former practice was to use 
about one-fourth part of malt, and the remainder a mixture of 

f round oats and barley, and oatmeal; latterly the custom has 
een to use only as much as would prevent the kieve (mash- 
vat) from setting. He had found that malt alone produced a 
greater quantity of spirits than the mixture of malt and raw 
corn of the same quality with that of which the malt had been 
made. He generally put from 50 to 54 gallons of water to 
every barrel of com of twelve stone, (14lb to the stone.) Each 
brewing was divided into three mashings, nearly equal: the 
produce of the two first was put into the termenting back-s, and 
the.produce of the last, which was small worts, was put into 
the copper for the purpose of being heated, and used as water 
to the next day’s brewing, when as much water was added as 
would make, with the small worts of that brewing, 54 gallons 
to each barrel of com. The kieves were so tabulated that he 
always knew the quantity of worts which would come off at 
each mashing. Their strength he ascertained by Saunders’ 
saccharometer, and at the above proportions be obtained from 
a mixture of the two first worts, an increase of gravity from 20 
pounds to 22 pounds per barrel, of 36 gallons, above water¬ 
proof, at a temperature of about 88^. The small worts gained 
at the same temperature about six pounds. The grain, after 
the last worts were off, retained nearly the same bulk as when 
put into the kieve; the whole of the grain was put in at the 
^st mashing; he never knew any grain to be added to the 
libcoiid mashing. The worts of the fii’st and second mashing 
were nm through the mash-kieve into the under-back, in which, 
state they were usually found to correspond with the compu¬ 
tation made in the mash-kieve and under-back, in the latter of 
which a correct gauge might be taken of them. He usually 
commenced brewing at six o'clock in the morning: the first 
WOfU were run off into the under-backs, and reemired from an 
hour to mi hour and a half to be forced up into tne cooler; the 
second worts came off at the end of two hours from the die- 
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charge of the first, and required about the same time to pass 
into the coolers. The small worts were generally run off late 
at night, and being then, or early on the following morning, 
put into the copper to be used for the next brewing, were sel¬ 
dom shown on the coolers. He thinks that any decrease of 
the worts by evaporation whilst on the coolers, must have been 
very inconsiderable; and that a correct gauge of the worts 
might he taken in the coolers, as well as m the under-backs. 
The quantity of wash in the backs, was found to be nearly 
correspondent with that of the strong waters which had been 
on the kieve and in the cooler. The fermentation of the worts 
was produced by means of yeast, and was in general so con¬ 
trived as to be apparently kept up for the full time allowed by 
law (six days:) he has, however, usually had his wash ready 
for the still in twenty-four hours from the time in which it was 
set. Backs are renewed in two ways; either by additions made 
to them from other backs in the distillery, each supplying a 
certain portion of wash to the back which is next before it in 
the order of fermentation, w’hile the newest and least-fermented 
wash is replenished by worts, or when the fermentation is down, 
by an entire substitution of worts. He has ordinarily in the 
course of work, charged a 500-gallon still with wash, and run 
it off in twenty to twenty-three minutes : he has seen a 1000- 
gallon still charged and worked off in twenty-eight or thirty 
minutes. He understands that it is now the practice of some 
distillers, to heat the wash nearly to the state of boiling before 
the still is charged with it, by which means he believes the pro¬ 
cess to be accelerated by three or four minutes. He has seen 
a 1000-gallon still charged with singlings, and worked off in 
from forty to fifty minutes, and thinks a 500-gallon still re¬ 
quires nearly an equal time. Feints from pot-ale (the name 
given to completely fermented wash) usually are run off in 
from six to seven minutes; making allowance for every delay, 
about six charges of spirits may be run off from a still of 500 
gallons content, each charge estimated at 160 gallons. The 
feints were always put back into the pot-ale receiver; 20 gal¬ 
lons of feints is the usual quantity run from a 500-gallon still 
charged with singlings; he thinks there is more spirit extracted 
from feints than from pot-ale; there was no delay between one 
charge of pot-ale and another, or between one of singlings and 
another; tne still could be cleansed in less than a minute; it 
very rarely occurred that the ordinary accidents which hap¬ 
pened to the still delayed the work to any considerable degree. 
The still is never charged with wash beyond about seven- 
eighths of the still, nor with singlings beyond about four- 
fiuhs, exclusive of the head. The estimated produce (accord- 




682 


DISTI LLATION. 


Method of dintilling id Ireland. 


ing to which the duty may be charged) is one gallon of sing¬ 
lings from three gallons or wash, and one gallon of spirits from 
three gallons of singlings, but it is very frequently somewhat 
more. Previous to the reflation (of Excise) which took place 
in June, 1806, from a still of 540 gallons, which is charged 
with 2075 gallons of spirits weekly, he has frequently drawn 
5300 gallons in one week, and thinks 500 gallons to be a fair 
average. Ue usually made spirits about 14 per cent, above 
proof, by Saunders’ hydrometer. Spirits exported by him from 
l2 to 14 per cent, above proof by Saunders’ and Hyatt’s hydro¬ 
meter, were charged in London at from 24 to 26 gallons per 
cent. Before he sent them to the Custom-house, he eitner 
reduced them with water, or drew them at that strength from 
the still. To every six gallons of strong spirits, one gallon of 
water was added in the distillery, which reduced them to the 
strength usual for exportation. The reduced spirits are per¬ 
mitted to the king’s warehouses, and the distiller given a cre¬ 
dit for a decrease of stock equal to the quantity so permitted j 
by these means he has one gallou of private spirits to dispose 
of for every gallon of water mixed with the spirits exported ; 
besides this, the distiller draws back the allowance given in 
lieu of the malt-duty on every gallon of water added: when he 
warehoused spirits with the intention of afterwards using them 
for home consumption, he left them at their full strength.” 
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AGRICULTURE. 


Acriqultuee teaches the art of increasing the production of 
useful vegetables by cultivation. 

Although in the labours of a single husbandman, persons of 
common observation are not apt to see any thing important, 
yet when a comprehensive view is taken of human affairs, it is 
found that such labours are indissolubly connected with the 
independence, the greatness, and happiness of nations. The 
spontaneous bounty of nature woula supply but a small part 
of the present inhabitants of the world with food; a single 
family would consume the produce of a district sufficiently ex¬ 
tensive to be rendered capable of supplying the wants of thou¬ 
sands; with the assistance of cultivation, a thousand millions 
added to the present population of the earth, which is perhaps 
already equal to that number, could demonstrably be supplied 
with abundance. Let us, for example, look at the state of 
Great Britain, where the value of estates is extremely high, and 
where, from the freedom of the government, the spirit of agri¬ 
cultural improvement is eminent. Sir John Sinclair estimates 

this country to contain.67,000,000 of acres, 

Of which, deducting, for 
houses, roads, rivers, lakes, 
and other parts incapable 
of cultivation,. 7,000,000 


There remains for productive 

purposes.60,000,000 of acres. 


Of these 60,000,000 of acres, 6,000,000 only are employed in 

raising grain, 

25,000,000 are in pasturage. 

And no less than.30,000,000 are either entirely 

waste, or but im- 

-perfectly cultivated. 

60,000,000 
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From this data it may be fairly concluded, that if tlie most 
useful routine of crops, and modes of management, were gene¬ 
rally applied to land already in tillage, and the proportion desig¬ 
nated as barren, were fully subjected to improvement, a double 
population would not be sufficient to consume the produce of 
Great Britain. But a change so beneficial cannot be suddenly 
effected ; it can only arise from the prevalence of knowledge, 
which is acquired but slowly; the dissipation of prejudices, 
which are deeply rooted; and the sacrifice, on the part of in¬ 
dividuals, of privileges, which, though acquired by violence 
and falsehood, or founded upon injustice and mistaken views, 
having been sanctioned by time, are with difficulty abrogated. 
If oppressive tenures were commuted; if tithes were abolished; 
if the game-laws were only a dead letter on our statute-books; 
if the length of leases, and the probability of having them re¬ 
newed on equitable conditions, gave tenants a sufticiently per¬ 
manent interest in the lands they occupy,—the spirit of im¬ 
provement would acquire a strength and energy, which in the 
jiresent state of things it is vain to expect. 

Researches on the subject of population, render it perfectly 
evident, that population increase.s ivith the facility of obtaining 
sustenance; the man, therefore, whose exertions are directeil, 
with an enlightened zeal, to the extension of the means of ren¬ 
dering the acquisition of livelihood easy, is justly entitled to 
the appellation of a real patriot, and a friend to the human 
race. To increase the fertility of an estate, is virtually to ex¬ 
tend its surface; it has the effect of territory acquired without 
dispossessing others. The agriculturist, therefore, has the 
noblest motives to stimulate him, besides the ordinary one of 
pecuniary remuneration; it is only where discretion fails, that 
the earth will not eventually afford an ample return for the 
labour it receives. 

The first object of the farmer should undoubtedly be to ob¬ 
tain a general idea of the nature of the soil which he intends 
to cultivate, as his future views must be entirely limited by its 
. present or probable fitness for particular purposes. To this 
subject we shall therefore direct our attention in the first in¬ 
stance. 
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Of Soils. 

The soil or mould which forms the uppermost strata of the 
earth, consists principally of argillaceous, calcareous, and sili¬ 
ceous substances, which of themselves form no part of the 
nutriment of plants. Their use is almost entirely of a mecha¬ 
nical nature; by the support they afford, and by their convey¬ 
ing to the roots the nourishment they require in proper quan¬ 
tity. The real nutriment of plants consists of water, and the 
substances which this fluid holds in solution. Part of the 
water which plants draw up, they retain in the state of water; 
another part they decompose, and appropriate its constituent 
principles, so as to form new substances; the useless part of 
the water, and of the principles into which it has been separat¬ 
ed by the organic operations of the plant, is thrown off' by 
transpiration. The component parts or dead animal and vege¬ 
table bodies, are rendered by putrefaction soluble in water, and 
these component parts being the same as those of living vege¬ 
tables, their use as manures is evident. As different plants 
acquire different principles from the soil, it can be no object 
of surprise that they require difference of soil to make them 
flourish. When, therefore, a soil is of such a nature, that the 
plants which grow in it receive their nourishment in a proper 
state and quantity, such plants will thrive; and the art of the 
agriculturist consists in effecting this adaptation of tlie plant 
to the soil. 

According to the predominance of particular ingredients, 
soils are said to be clayey, chalky, sandy, gravelly, loamy, 
peaty, and marshy ; to wdiich may be added, the description 
called a vegetable soil. Of these different kinds, we shall 
briefly treat separately. 

Of Argillaceous or Clai/et/ Soils. 

For an account of clay, in its purest state, and all the other 
earths and substances which we may have occasion to mention 
in this essay, w^e must suppose the reader to refer to the article 
Chemistry. They are never met with pure in soils, but, of 
course, the larger the proportion in which they subsist, the 
more of their peculiar character they give to the soil in which 
they are contained. The natural character of a clayey soil is 
sterility; clay renders a soil stiff, and from its great retention 
of moisture, m wet seasons it chills plants, and in dry seasons 
obstructs their vegetation by its hardness. The difference. 




586 


AGRICULTURE. 


Arjtillaceous or clayey aoU.—Calcareoni or cbalkj 

however, of clay-lands is prodigious, and some which have 
this character are extremely fertile; the black and yellow clays 
are the fittest for corn. Soils of this description should be 
kept as dry as possible during winter; they should be thoroughly 
broken by repeated ploughings and harrowings, at seasons in 
which they are found to be neither very wet nor very dry; they 
are much benefited by manure, care being taken to employ 
such as most directly tends to lessen their cohesion and cnill- 
ness: thus if they be planted with beans> or any plant which 
thrives in them, and the roots be left to rot in the ground, they 
will be rendered less cohesive, and even enriched; but gravel, 
sand, and above all, chalk, lime, and the sweepings ot lime¬ 
stone roads, and calcareous marls, effect the most lasting and 
substantial improvement. When these cannot easily be had, 
the clay itself, if it can be burnt at a light expense, will be 
useful, as, by burning, it loses its plasticity, and the applica¬ 
tion of it in that state would diminish the coldness of the clay. 
Sometimes the great fault of a clayey soil is the sulphuric acid 
which it contains in combination with the clay; this may be 
corrected by wood and peat ashes, and in small inclosures by 
soap-suds. Beans, wheat, and clover, make a good succession 
of crops for a clayey soil, which it is found advantageous to 
dispose in arched ridges, in such a manner that the crown of the 
ridge may be two feet or more above the bottom of the furrow. 

Calcareous, or Chalky Soil. 

iVo single earth will by itself constitute a good soil, but tne 
superabundance of some is much less injurious than that of 
otners. All good soils contain a large proportion of calcareous 
matter; marls are useful chiefiy from the large proportion of it 
which enters into their composition. Calcareous matter is 
abundant in the state of rocks, as limestone, marble, &c. but 
chalk is the usual state in which it exists as an earth. Chalk 
is easily penetrated by water, and therefore a soil in which it 
abounds is not easily injured by wet seasons, but it has the 
disadvantage of becoming hard with dry seasons, although the 
crops on it do not suffer so much as on most other soils, from 
a long continuance of hot weather. Lands of this description 
are much improved by the addition of clay, clayey marl, farm¬ 
yard dung, or mould containing a large proportion of vegetable 
matter: old rags, malt-dust, and the aung left after folding 
sheep,! are applied to it with great advantage, as the nature of 
this soil greatly tends to reduce such substances to a state 
favourable to vegetation. Barley, wheat, and oats, thrive on 
laud of this des^ption; aaintfoin is well adapted to it, and it 
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naturally produces a small species of vetch, called the amooth- 

{ )odded tare, together with poppies, may-weed, &c. Chalky 
and, on which thistles are observed to thrive, may be consi 
dered favourable to the growth of corn. 

Saudi/ Soil. 

Of all descriptions of soil, the sandy has the least cohesion, 
and is tire least capable of retaining moisture; it is, therefore, 
proverbially sterile. It is, however, ploughed and harrowed 
with far less difficulty and labour than the chalky and clayey 
sorts of land, and it is well adapted to the growth of bulbous 
and tap-roots. Heavy rains are apt to wash away a soil of 
this sort from the roots of plants growing in it; hence, in the 
improvement of them, care must be taken to increase theii 
cohesion and capacity of retaining moisture, and the use of 
calcareous marl is of great importance, if the calcareous prin¬ 
ciple be deficient; but argillaceous marl if there be no want of 
it. The folding of sheep is extremely beneficial to these lands. 
The rapidity of vegetation in a sandy soil, is often very favour¬ 
able to the farmer in affording green food early in spring. 

Gravelly Soil. 

A gravelly soil consists chiefly of small stones from the size 
of a pea to that of a walnut, but when a large proportion of the 
stones are of the latter size or larger, the land is said to be 
atony. Soils of this description are not washed away from 
the roots of plants like the sandy, but they have the similar 
disadvantage of great porosity; moisture easily evaporates 
from, or sinks through them; hence the vegetables growing 
upon them often suffer in dry seasons, and the water which 
they part with so easily, carries along with it a large propor¬ 
tion of the principles which, if retained, would render the soil 
productive. Beds of gravel are generally either of the calca¬ 
reous or of the flinty kind; for the former, a clayey marl, and 
for the latter a calcareous marl or loam, has been found well 
adapted. As gravelly soils, if in the vicinity of springs, are 
apt to be wet, chalk is often a useful application to them, to 
absorb the moisture in winter, and in summer to lessen the 
effect of the sun in drying them. In the agricultural re¬ 
port of Middlesex, it is observed, that when the bed of gravel 
is very near the top, a full crop of yellow-blossomed broom 
covers the ground if in a state of grass, and when ploughed, 
an eqiaally full crop of sorrel. These signs may therefore in¬ 
dicate the existence of gravel, where it may be of importance 
to obtain it, for the repair of roads, making mortar, &c. The 
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comiuon white saxifrage {sasijraga granulata, Lin.) is also 
nearly peculiar to such situations. Gravelly soils easily yield 
to the plough, and therefore are often brought into cultivation 
with comparative ease. 


Loamy Soil. 

The soils called loamy, are composed of all the preceding 
soils in different proportions, and are farther distinguished by 
the appellation of clayey, chalky, sandy, or gravelly, accord¬ 
ing to their predominant ingredient. Hence their value, or 
the expense of bringing them into cultivation, difiers very con¬ 
siderably; their treatment always requires the bad qualities of 
the predominant ingredient to be checked; but they approach 
nearer to the proper composition of a soil, than any of those 
we have yet treated of; they are not apt to produce injurious 
weeds, or to resist the plough or harrow by too great compact¬ 
ness, nor are they chilled by moisture; they are therefore with 
less difficulty brought into condition than other soils. It often 
happens that a loamy soil becomes fruitful after having been 
merely well broken up and pulverized; exposure to the air 
renders it fit for vegetation. The deep crumbly loam, which 
contains much sand, along with a considerable proportion of 
chalk or calcareous matter, is very favourable to the growth 
of fruit-trees; and if it be laid in ridges during one winter and 
the succeeding summer, it will afibrd ample nourishment to 
such trees; even though it should have been turned up from 
the depth of six feet. The loamy soils of the sea-coast are 
generally fertile, and require little manure; but others are 
much improved by a supply of animal and vegetable matter, 
such as farm-yard dung, blood, ground bones, the mud from 
ditches, ponds, &.c. 

Peaty and Marshy Soik. 

Peaty soils are formed by the deposition and decay of vege¬ 
tables: sometimes they are left dry,for a part of the year, at 
other times they form a continual morass or swamp. Their 
value will depend of course on the greater or less difficulty of 
bringing them into a productive state ; and to ascertain how 
capable they may be of this change, boring must be resorted 
to in‘a number of places, if it appear to be necessary. This 
will show the order of the strata upon which the peat rests, and 
the method of draining to be resorted to. If a bed of clay be 
'next to the peat, by boring through this, the water will pro¬ 
bably sink; if the first solid stratum be a rock, the water must 
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be carried off by dikes; if the sub-soil is good, or contains 
materials, such as marl, clay, and gravel, which would correct 
the spongy soil of the surface, and the moss can be flooded, 
the surface may in some measure be washed aw’ay; but where 
water cannot be obtained for this purpose, after the draining 
has been effected, a great improvement will be effecced by 
turning up the good soil, and mixing it with the peat. The 
expense ,of this will be comparatively small to that which 
would be incurred by bringing a suitable soil for the admix¬ 
ture from a distance; the use of lime will produce a further 
amelioration. If good materials for the improvement cannot 
be met with on the spot, or brought to it at a moderate ex¬ 
pense, paring and burning may be resorted to, especially where 
the vegetables exhibit large stems and roots, which would be 
long in decaying. Potatoes have been raised with advantage, 
as the first croj) from peaty or mossy land, especially where 
liie draining has been comjilete. 

Vegetable Soil. 

The earth is almost evcry-where covered with a superficial 
stratum of loo.se and friable soil, derived from the decay of 
v( getables : where tlie remains of vegetation have long been 
accumulating, and are mixed w’ith clayey loam and most other 
earths, they form a compound in which plants in general shoot 
with vigour. In some cases, however, the vegetable mould 
may have become too abundant; for grain, a soil purely vege- 
fabl e would be too light and open; to render such a soil, then, 
productive for this purpose, quicklime becomes a useful agent, 
as it hastens the entire dissolution of the vegetable matter, and 
moss lands have been by its use rendered prodigiously fertile. 
On the contrary, wdiere the vegetable part of a soil is scanty, 
it is an excellent practice to turn down the whole of a succu¬ 
lent green crop, and even to plant, for the purpose of affording 
this supply, such as cover much of the ground, and while grow¬ 
ing produce over the soil a stratum of stagnated air. Mor¬ 
dant, in his Complete Steward, asserts that a pound of turnip- 
seed, sown after harvest, upon an acre of sandy or gravelly, 
worn-out land, will, if ploughed when at maturity, enrich the 
land as much as twenty loads of dung. 

Miscellaneous Remarjcs on Soils. 

To ascertain the value of a soil, no single method of pro¬ 
cedure will suffice; for it has been found that soils, nearly the 
same, not only in their sensible qualities, but their chemical 
composition, have been very different in their fertility, and their 
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fitness for tbe same kind of produce. A variety of cirettm> 
stances may be tbe cause of this, atthough not easily deteoted. 
A greater or less q^uantity of rain may fall, which requires the 
soil to be more or less retentive. The tillage may be more or 
less favourable; a more sheltered or more exposed situation 
with respect to particular winds, will have its influence; and 
the greater or less state of subdivision of the same component 
parts has an important eflfect. A soil, also, in itself good, may 
be injured by the alternation of different strata beneath it; if 
a few inches of it only rest upon clay, or rock, or chalk, it will 
not be equal to coarser materials resting upon gravel; on the 
contrary, if a clayey soil rest upon gravel, the coldness and 
humidity natural to it will be diminished, and its general fer¬ 
tility will exceed expectation, if it is not apt to be drowned 
by springs. A sandy soil, also, may owe its fertility to a fit¬ 
ness in the under strata for retaining moisture. On the sides 
of hills and declivities, the soil must be more retentive of 
moisture than plains, to be equally adapted to the same kind 
of produce. But, when circumstances like these are duly 
taken into account, it must be admitted, that chemical ana¬ 
lysis is to be placed at the head of all the means which enable 
us to appreciate a soil: thus if a soil, remarkably fertile in a 
produce we wish to obtain on other land, contain three-eighths 
of clay, two-eighths of sand, and three-eighths of calcareous 
matter, it is obvious that the same composition, if not pos¬ 
sessed by the other land, may safely be imitated as nearly as 
possible. The proportions and component parts just stated, 
are those which Tillet found best adapted to wheat, in flat 
countries where a moderate quantity of rain falls. A soil 
from the low lands of Somersetshire, highly productive in 
wheat and beans without manure, was found to consist of 
one-ninth of sand chiefly siliceous, and eight-ninths of cal¬ 
careous marl tinged with iron; with about five parts in the 
100 of vegetable matter. 

If the materials can be procured at an expense not too great, 
too much pains can scarcely be taken to render land fertile 
without manure ; the effects of manure are mostly transient, 
but when the earth and durable parts of a soil are duly pro¬ 
portioned and combined, the soil attracts large supplies of 
nourishment for vegetable life from the atmosphere, and thus 
a lasting source of profit is secured. 

Dr. Darwin proposes to dry a few pounds of different soils, 
in the same temperature; when their moisture is evaporated, 
they msst be weighed, and exposed to a red heat. As carbon 
is a principal ingredient in calcareous earths, he conjectures 
that die soil which loses the greatest portion of its weig^» ie 
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the most fertile; because the carbonic matter, being the prin¬ 
cipal nutriment of plants, will be dissipated by the heat. 

Another criterion, which will afford useful assistance to as¬ 
certain the general character of a soil, is to attend to the state 
and kind of plants which grow upon it. Where plants adapted 
only to a peculiar soil, are observed in full luxuriance and 
abundance, the general character of the soil in which they are 
thus observed can scarcely be doubted. Thus the fox-glove 
and sandwort abound in sandy situations; the nettle is most 
luxuriant on a dry loam; while the rush and brook-lime prefer 
moist, cold, clayey soils: the common saw-wort indicates a 
good soil, but the dock an inferior one. 

Metallic impregnations, whether a« oxides or salts, are in¬ 
jurious to a soil, excepting the oxide of iron, which is benefi¬ 
cial. The oxide of iron is supposed to act partly by its being 
itself soluble in water, and partly by its affording oxygen to 
the carbon of the soil, which it thus renders soluble in water, 
and being itself again oxidized by exposure to the air, it is 
ready to repeat the same assistance: for it must be observed, 
that plants draw nothing from a soil but what is held in solu¬ 
tion by water, and that water cannot act on carbon before it is 
converted into carbonic acid by the absorption of oxygen. 

On the merits of stony ground, by which is meant ground 
containing loose stones, which the plough turns out so as to 
cover a considerable proportion of the surface, the opinion of 
agriculturists has been much divided; some have contended 
that the moisture which stones prevent from exhalation and 
retain near the surface, nourishes the roots of grain especially, 
and that they are thus beneficial in a much higher degree than 
injurious from the surface they cover; others are warm advo¬ 
cates for clearing them away. There can be no doubt, that 
the question ought to be considered in connection with local 
circumstances: where the soil is stiff and retentive, from the 
abundance of its argillaceous parts, the stones may certainly be 
dispensed with; but where, as is commonly the case in stony 
soils, gravel is abundant and deep, and the soil loose, it will be 
rather worse than a loss of labour for the land to be more than 
moderately cleared, especially from flat stones, the size of 
which but little exceeds that of a hand’s breadth. Where it 
is determined to clear the land of stones, a simple machine 
may be employed, which wifi be comparatively quick and easy 
to the usual method of separating them by hand, or by a com¬ 
mon riddle. An axis is mounted on a frame, such as would 
be made for a grindstone; the axis must lie lengthwise on the 
top of this frame; at one end of the axis is the handle for turn¬ 
ing it, at the other is a conical or bell-shaped riddle, formed 
51.— VoL. 11. 4 F 
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by fastening iron bars to a strong circular piece of wood, united 
to the axis; these bars are again united at their other extremity 
by a stout iron rim: the riddle part is therefore formed by the 
sides of this cone, the mouth of which is twice the width of 
the base. The bars are so shaped, that the interstices between 
them are throughout of the same width, or nearly so. While 
this riddle is whirled round by one person, two others throw in 
the soil with spades, and those stones which are too large to 
pass through, are thrown out by the whirling motion into a 
trench, or in a line with the front of the riddle. 

Young observes, “that the sound, mellow, rich, putrid, 
crumbling, sandy loams, are of all soils the most prohtable; 
such as will admit tillage soon after rain, and do not bake on 
hot gleams of sun coming after heavy rains, when finely har¬ 
rowed; such land is better worth forty shillings an acre than 
many soils deserve five. The next soil is that of the stiff loam, 
which is nearly allied to brick earth ; this, till drained, is gene¬ 
rally an unkindly soil, without plenty of manure. It is known 
in winter, by being very adhesive upon walking over it; is long 
in drying, even when little or no water is seen upon it; for 
which reason it is generally late in the spring before it can be 
ploughed. When quite dry, it breaks up neither so hard and 
cloddy as mere clay, nor near so crumbly and mellow as the 
good loam. If it is in stubble, it is apt to be covered with a 
minute green moss. There are many varieties of this soil, but 
all agree in most of these circumstances ; and in being what 
the rarmers call poor, cold, hungry land. When hollow-ditch¬ 
ed, and greatly manured, it yields any thing; but those who 
bine it should forget neither of these expenses. . 

“ The gravelly soils are numerous in their kind, and very 
different m their natures. Warm, d^, sound, gravelly loams, 
are easily distinguished in winter. They admit ploughing all 
winter through, except in very wet times; always break up in 
a crumbly state of running mould; and, if in stubble, will dig 
on trial by the spade in the same mbnner. If under turnips, 
you may perceive, by walking through them, that it will bear 
their being fed off. The wet, cold, spring gravel is a very bad 
aoil; it is known in winter by the wetness of it; and in spring 
by its binding with hasty showers. It rarely breaks up in a 
orumbly state, or shows a mellowness under the spade. Very 
expensive drains greatly correct its ill qualities, but it requnes 
a prodigious quantity of manure to fertilize it. Some gravete 
arc io skarp and burning, that they produce nothing except 
in we* summers, but such are known at any season of the year. 
Tbe light smidy loam is likewise an admirable soil: it will bear 
plougning like the preceding, all winter long, and appears 
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qi^ite sound and mellow when tried with the spade. If it lies 
under a winter fallow, the best way to judge of its richness is 
to remark the state of the fiurows, and the degree of adhesion 
in the soil. Stiff' land being dry and crumbly is a great per* 
faction, and sand being adhesive is an equally good sign. 
When, therefore, the farmer views a light, sandy loam, whose 
sound dryness is acknowledged, be may presume the soil is 
rich, iQ proportion to its adhesion. If it falls fiat in powder, 
and has no adhesion, it is mere sand. The white chalky farm¬ 
land is often cold and wet, will not bear ploughing in winter 
unless the weather is very dry w frosty, and runs excessively to 
mortar in a heavy shower when in a pulverized state. It is a 
cold soil of little profit, except with peculiar management; but 
answers best when dry, laid down to saintfoin. 

It should be laid down in general as a maxim, that strong, 
harsh, tenacious clay, though it will yield great crops of wheat, 
is yet managed at so heavy an expense, that it is usually let 
for more than it is worth. Much money is not often made on 
such land. The very contrary soil, a light, poor, dry sand, is 
very often in the occupation of men who have made fortunes. 
Some permanent manure is usually below the surface, which 
answers well to carry on; and sheep, the common stock of 
such soils, is the most profitable sort he can depend on. All 
stiff soils are viewed to most advantage in winter: the general 
fault of them is wetness, which is in the greatest excess at that 
season of the year. If the fields are level, and the water stand:, 
in the land, notwitlistanding the furrows are well ploughed 
and open, it is a sign that the clay is very stiff, and of so ad¬ 
hesive a nature as to contain the water like a dish. It is iike- 
jwise probable, that draining may prove insufficient to cure the 
natural evil of such land. This kind of soil likewise shows 
itself, in the breaking up of stubbles for a fallow; a very strong 
draught of cattle is then necessary to work it. It breaks up 
in vast pieces almost as hard as iron. When it is workejj fine 
it will run like mortar, with a heavy spring or summer shower. 
These soils will yield very great crops of beans and wheat, &c. 
They must, like others, be cultivated by somebody; but he 
would advise every friend of his to have nothing to do with 
them; never to be captivated with seeing large crops upon the 
land, for he does not see gt the same time the expenses at 
which they are raised. 
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Inclosing and Fencing. 

The general advantages of inclosing land can admit of no 
question; common-rights are far from either private or public 
benefits of any value: it cannot be expected that any one will 
improve the land which belongs to none exclusively; but even 
supposing uninclosed land to oe in the sole possession of one, 
it will still be in a disadvantageous state. Its full exposure to 
every vicissitude of weather, renders it comparatively unpro¬ 
ductive : the cattle which feed upon it may be hardy, but they 
will be meagre and small; while the vegetable crops will be 
scanty, and the most beneficial alternation of them impossible. 
For different purposes, however, the inclosures should be dif¬ 
ferently apportioned, and therefore he who has this work to 
perform, after having taken into view the nature of his soil, 
and the use to which it is best adapted, most regulate his pro¬ 
cedure accordingly. 

Cattle are always found to thrive and fatten the most, in 
warm, sheltered situations; and when not collected in great 
numbers, they are more quiet, and less apt to injure the fences; 
therefore, for fattening cattle, small inclosures are the best. 
The Leicestershire graziers are said to have adopted an opinion, 
that fifty acres in five inclosures are equal to sixty acres in one. 
From eight to fifteen acres may in general be considered a 
proper size for pasturage ; but for grain and root crops, the 
inclosures may oe one-third or one-half larger, and the fences 
neither quite so high or so close, as the free admission of fresh 
air and sunshine must be studied as well as shelter. It will 
be necessary not to make the inclosures for different purposes 
at random, but to place those together, or as near each other 
as possible, which are to be submitted to the same kind of 
cultivation. In determining the size of inclosures, regard also 
should be paid to local circumstances. If the estate be much 
protected oy woods and plantations from the winds most 
dlvaded, the inclosures may safely be larger than when the 
whole is much exposed; but where the situation is low, and 
the ground moist, very small inclosures, and high fences, 
wotdd be the means of too much impeding evaporation, to be 
advantageous. 

The materials of which fences are constructed, must of 
cowrse vary with the purpose they are intended to serve, and 
the materials which can be furnished at the least expense. 
Stone walls, for outside fences, are certainly the best, and in 
tU aitnstioiis they will generally \?e preferred where suitable 
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Stone is either supplied by the land itself or can easily be ob^ 
tained. Their general advantages are, that they can be reared 
in situations where, from its bleakness, a hedge would be with 
difficulty brought up and maintained; that they take up little 
room, do not harbour vermin, weeds, and rubbish; impede 
hunting, and may be speedily repaired. At the same time, it 
must be observed, that they serve rather the purpose of divid¬ 
ing, thap sheltering land, as the expense of them generally 
prevents their being built sufficiently high for the latter pur¬ 
pose ; and when extensively used over a country, they give it 
a cold and unpleasing appearance. Stone walls are often built 
entirely without the use of cement, in which case they are 
called dry walH; at other times, mud or clay is intermingled 
with the stones; but the frost soon injures or destroys walls of 
this description. In other cases lime is used to the outside 
course, to improve their appearance and strength. Flat stones 
make the firmest wall, and such as may be made the thinnest, 
while they least require cement: in the middle of the height of 
the wall, or at two equal distances, if the wall be high, should 
be emp'oyed stones technically called through-stones, from 
their passing entirely across the breadth of the wall; and the 
top of the wall should be laid with stones disposed edgeways; 
sometimes a covering or sod of turf is added. When free 
stone is employed, the coping is generally arched or angular 
like the ridge of a house, to prevent the wall from being 
walked on, and to carry off rain. Where only the sparing 
use of lime is admissible, it should be used to the coping, if 
to no other part. 

Stone walls are sometimes only built to the height of two 
feet, and made up to five feet by turfs or sods. The turfs 
should be laid so as to break the joints, like brick-work, and 
the coping should consist of sods placed edgeway, and should 
overhang the wall a little on each side. 

The fences employed for parks, and sometimes for gardens, 
are generally of paling; which, if made of winter-fallen oak, 
are very durable. The pales should be cleft thin, and the rails 
should be triangular, to prevent water from lodging on them. 
In parks where fallow-deer are kept, it will be sufficient if the 
pales be 6i feet high; but where there are red deer, it will be 
requisite to make them at least a foot higher. The most com¬ 
mon kind of wood fence consists of long pieces or stems of 
young trees, nailed to upright posts; and containing only two 
or at most three rails ; sometimes the timber thus used is hewn, 
joined by mortise and tenon, and painted, but this is seldom 
done except near houses. The upright posts of this fence, 
should be charred before they are driven into the ground. 
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«8 no Other preparation will efi'ectuaiiy preserve them from 
decay 

Hardies are a moveable kind of frace, constructed some* 
what like a gate, and about the same size, but of ordinmy 
timber and workmanship, and with about two or three pointed 
extremities in each length, in order that they may be struck 
into the ground at any place required. They are provided 
as a temporary and speedy means of fencing off any small 
portion of a field; in order to keep cattle from, or confine 
them in the inclosure they form. Hurdles are made of the 
lighter kinds of timber, as alder, hazel, willow, which should 
be well seasoned. 

Another kind of moveable fence has been recently intro¬ 
duced ; it is made entirely of iron; it consists of upright pieces 
or stanchions, which are made of cast iron, and of horizontal 
rods of malleable iron, about three-quarters of an inch in dia¬ 
meter, and of which there are only two in a height of four feet, 
i^mall circular fences, constructed in a similar manner, but 
entirely of wrought iron, are now often used to preserve single 
trees from <^ttle. These fences are neat, and no obstruction 
to a prospect, but their first cost is heavy. Their durability 
has not been fully proved. 

The fences we have hitherto treated of, are, from their first 
construction, continually tending to decay: we come now to 
speak of living fences, which, with moderate care, continue 
for a long time in a state of progressive improvement, shel¬ 
tering the pasture and decorating the country. The white¬ 
thorn makes an excellent fence, as it grows quickly, is very 
durable, and makes a handsome appearance. It thrives on 
ahaost any soil not very subject to the extremes of wet or 
<irynes8, that is not consisting entirely of clay, mtush, sand, 
or porous gravel. Where it is desired to raise this thorn on 
wet ground, a ridge of turfs should be raised to plant them 
in. The sets should be about one third of an inch in dia¬ 
meter, and those which have the greatest number of fibrous 
roots are the best. They must be planted in autumn. The 
black thorn is more lasting than the white thorn, and not 
so liable to be cropped by cattle, but it is not so easily 
reared, unless the land be rich and dry. It will, however, 
^row on land too wet for the white-thorn; but its roots 
acre opt to spread much into the land. The sets should be 
planted in autumn. A ditch should run along the side of 
nerves, at least throe feet wide at the top, two feet and a 
hoH deep, and six inches wide at the bottom. Cattle will 
not be apt to walk in a ditch of this shape: its dimensions 
must be pearler in wet situations. 
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The holly makes a strong, impervious, and beautiful 
but is slow in growing; the lateral shoots sould be cropped iit 
the fail of the year. It may be planted with most advantage 
along with the white-thorn, and as the hollies increase in 
the morns may be pulled up. Vacancies may be closed, by 
bending down and covering the lower branches with earth, 
which will shoot forth the ensuing year. There should at first 
be three^ or four thorns for one holly. 

In loo’se, wet ground, willows are proper for a fence, as their 
roots give stability to the bank. The alder and elder, also 
suit such situations. 

In elevated and closed situations, the beech and birch 
make good fences. The former is particularly suitable in 
places exposed to the sea air, which is injurious to the white¬ 
thorn, and most other hedges. 

In the first volume of the Letters and Papers of the Bath 
and West of England Society, is a communication in which 
elms are recommended for fences. When elm-timber is felled 
in the spring, the chips made in trimming the trees are to be 
sown on a piece of newly ploughed land, and harrowed in, as 
is practisea with corn. Every chip that has an ey§ or bud, 
will sjieedily shoot like the cuttings of potatoes; and as such 
plants have no tap-roots, but strike their fibres horizontally 
m the richest part of the .soil, they will be more vigorous, 
and md,y be more easily transplanted, than if they bad been 
raised (rom seeds, or in any other manner. They possess 
this farther advantage, that five or six stems will generally 
rise from the same chip; and after beii^ cut to within three 
or four inches of the ground, they will multiply their side 
shoots in proportion, and form a thicker hedge, without 
running to naked wood, than by any other method hitherto 
practised: lastly, if they be kept carefully clipped for the 
first three or four years, they are said to become almost im¬ 
penetrable. 

Whins or common furze make a valuable fence; they are 
e^ily raised, and will grow in a soil too scanty, slight, and 
sandy for any thing else. The best mode of planting them is 
on a oank, five feet broad on the top, and with a ditch on each 
side. The surface should then be thickly strewn with furze 
seeds. When, by the growth of the tree, the stems are left 
naked and open, a fresh supply of seeds should be thrown in, 
and only one side of the he^e should be cropped at a time, 
to admit of which is the use of a broad bank; by this means 
a good hedge will be maintained. Furze is applicable to a 
variety of useful purposes in rural economy. When the 
prickles are bruisea, it may be given to cows and horses, and 
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will be greedily eaten by them. Its blossoma, madje into tea» 
bare a talntary effect on the human constitution. It is ass^t* 
ed that durable locks or dam-heads may l>e raised at one-tenth 
of the usual expense by the use of fuixe mixed with the soil 
behind a thin wall, or even a close jpaling of two-inch deal 
boards. Furze is much used for heating ovens; it burns 
rapidly, emits a great heat, and its ashes afford a ley useful 
in washing coarse linen. 

Where ditches are made to answer the purpose of a fence, 
they should be five or six feet wide at the top, and from three 
to four feet deep. The sides must always be sloped towards 
each other, more or less, according to the liability of the soil 
to be washed away, and a communication should be formed 
with some river or brook, to prevent stagnant water. 

In connexion with fences, we may say a word respecting 

f ates, which are in fact moveable fences. Cheapness and 
urability are the chief ret^uisites: cheapness is best con¬ 
sulted by using wood of small dimensions; durability, by 
using wood well seasoned, well jointed, and disposed in 
the best manner, for its quantity, to resist strains: neat¬ 
ness is included in durability;—-the wood must be painted, 
or it .will soon decay; it must be regularly formed, or it 
cannot be well jointed. The construction of gates recom¬ 
mended by Charles Westall, in the Transactions of the So¬ 
ciety for the Encouragement of Arts, &c. vol. 22, has not 
perhaps been improved upon: horizontal bars, consisting 
of wood about three quarters of an inch thick, and three 
inches broad, are mortised into stout side pieces, and 
strenthened bv two similar bars, which rise from the side 
pieces at the bottom, and meet at the top bar. To the bars 
thus disposed in an angle, every other bar is united by a nail 
or screw-bolt. 

When the lower hook of a gate is hung out of the perpen¬ 
dicular, that the gate m^shut itself, the inclination should be 
only just sufficient to effect the purpose, otherwise it forms a 
force for breaking the gate; and the heavier the gate, the more 
this adjustment is necessary, as the mischief of acceleration 
is greater, unless constructed so as not to strike the post, but 
to vibrate till its force is spent, which is certainly a good pre¬ 
caution. . 

Stone is' the most suitable for gate-posts, but it cannot 
every-where be obtained; where wood is employed, the part 
diiven into the earth shoidd be charred, and ariven deep; the 
charring should reach a few inches above ground; as aU poi^ 
decay aoonest at the level of the earth, when the joint 
action and moisture is greftest. 
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Stiles are constracted for the convenietice of loot pjMseii^s 
only; sometimes they are in fact a small gate; sometmaes ^ey 
are regular steps; in stone wails, they are often no more than 
the projecting ends of large stones, disposed at suitable inter¬ 
vals in a slanting direction: when thus formed, they are not 
seen at a distance, and such are therefore often used where it 
M desirable to conceal from strangers the view of a passage 
or comipunication. Through a hedge-fence, they often consist 
of two short ladders, meeting at the top from each side. They 
will of course be regulated in their form by the fancy of the 
maker, his views of economy, and the necessities of private or 
public convenience. 

IfRAlNING. 

Before an attempt is made to drain land, which is either at 
all seasons a complete bog, or so replete with redundant mois¬ 
ture, during some part of the year, as to be of little value, it 
is obviously prudential to examine carefully the cause of the 
wetness, in order that proper means may be resorted to. The 
water collected upon mountains and elevated grounds, sinks, 
if the soil is porous enough to admit it, and continues its sub¬ 
terranean course till it meets with a bed of clay or impenetrable 
stratum. The disposition of the water is to sink perpendicu¬ 
larly ; but if the stratum of clay be horizontal, it must either 
collect as in a reservoir, or come to the gurface, in which case 
it will either flow onward to the lowland in a perceptible stream; 
or if the earth be sufficiently absorbent to take it up, after 
spreading over a surface proportionate to its quantity," and the 
Slowness with which it sinks, it will again become obedient to 
the direction and the permeable or impermeable nature of the 
strata it meets with. In general, the strata, or different layers 
of materials of which mountains ccmsist, are not parallel with 
the horizon, but have the same inclination as the general sur¬ 
face of the mountain itself. If then the water, either at first, 
or after its second submersion, comes in contact with an in¬ 
clined bed of clay, it flows over it, and continues its course to 
the valley or plain below. When the clay does not terminate 
at the<fl;»ot of the mountain, the water rises to the surface, and 
inundates the plain. This is the general cause of boggy land, 
and it is plain that the land thus inundated, may be drained, 
by intercepting in its course the water which occasions it. 
Where the land is suspected to be marshy from this cause, 
auger holes should be bored at different places along the line 
where the ground first begins to be too moist, in order to f nd 
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the depth of the eprings, and coneeqnently the thickness of 
the upper stratum of the soil. The course of the au^r 
should oe at right angles to the inclination of the mountain, 
as it will then soonest pass through an inclined stratum. If 
this depth be only a few feet, a ditch should be dug along the 
bottom of the hill to intercept the water. Should no water 
appear in the ditch, or but a very trifling quantity, auger 
holes may be bored in different parts of the bottom of the 
ditch; when these succeed, many of them should be made, 
and the water carried off by the nearest water-course. This 
method of draining marshy ground, seems to have been first 
practised by Dr. Anderson, of Aberdeen, who states, in the 
introduction to his “ Essays on Agriculture,” vol. 3, that he 
sunk a hole with a wimble into the earth at the bottom of a 
ditch, in the year 1764; that the water rose rose six feet 
above the surface of the ground, and has continued flowing 
ever since, though with diminished ■rapidity r but Elkington 
was the person who was first fully aware of the value of the 
principle, having successfully acted extensively upon it, and 
obtained a parliamentary grant of one thousand pounds as a 
reward for the improvement he had introduced. 

Another cause of boggy ground, or of the extreme wetness 
of land, may be a deep and strongly retentive soil, from which 
the water received has no outlet either through it or over it. 
In a situation of this kind, when part of the surface of the 
clay is diffused through the water, and forms a semi-fluid 
mass, and the matted roots of the grass and other plants 
adapted to the situation, cover the surface of it, that kind of 
bog called the shake-bog is formed. In draining a bog of 
this description, it is proper in the first place to discover at 
what depth sand and gravel can be met with; and secondly, 
whether the porous soil, when arrived at, is dry, and fit to let 
the water drain through, or is itself wet from being incum¬ 
bent upon clay, and would, but for the superstratum of clay, 
increase the quantity of water. If it be diy, the course is to 
dig into it, at a sufiicient number of places ; or to make one 
large central opening, to which small drains from all sides 
must be directed. If it be wet, the drains must be commen¬ 
ced at the lowest extremity of the land, and must be directed 
towards the nearest river or the sea; and if the land, like the 
fens of Lincolnshire, is below the level of the river or the sea, 
machinery must be resorted to for drawing it oflP. If there be 
any appearance of a stream from the morass, the draining 
ahonla be commenced at Uiat spot, by which a large tract oT 
land may often be cleared immediately. 

The two aoturces of boggy ground above pointed out, either 
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separately or combined, or modified by various difiPefences in 
the depth, extent, or vrant of uniformity of the gravelly or 
clayey strata, form all the kinds that exist. The strata of a 
valley are generally the same, and disposed m the same order, 
as those of the mountains rising from it; but the superficial 
strata frequently terminate without attaining the top of the 
mountain; hence the water from the top may frequently get 
under one or more beds of clay, and will of course, at the bot¬ 
tom ot the hill, be at a great depth, perhaps too deep to be 
reached without considerable trouble; and yet a trench, or a 
well dug there, will finally be successful, although it may pass 
through one or more beds of clay. But when the water can¬ 
not be intercepted, it must be drawn off by deep drains made 
across the morass, as in the case just mentioned of the mo¬ 
rass, where clay, gravel, and clay, alternate, so that the water 
cannot be caused to sink. 

As an accurate knowledge of the strata of boggy land and 
its neighbourhood, is of so much consequence in forming a 
judgment of the best means of draining, a careful attention 
should be paid to every indication of their nature. This ob¬ 
ject may often be pursued without expense. The beds of the 
nearest rivers, and of the steep parts of their banks, may be 
examined, as also pits, wells, and quarries, which may be in 
the neighbourhood. 

In general the object of draining cannot be completely 
effected, without having one or more main drains across the 
morass, with others in all directions, that discharge themselves 
into it: and as this labour is performed with great expense, it 
becomes important to fix upon the best plan of keeping them 
constantly open, to render the renewal of it unnecessary. Dif¬ 
ferent soils are more or less favourable to the work, and some 
land, a peat bog, for example, is sometimes so suddenly and 
completely drained as to be difficult to plough or dig, a fault 
which must be guarded against. In all lands, however, it is a 
rule, to slope the sides of the ditch towards each other, so that 
if three feet wide at the top, they will scarcely be one foot at 
the bottom. Their depth may vary from two feet to two feet 
and a half, or even three feet, according to circumstances. 
Thick ropes of twisted straw may then be laid in the trench, 
or loose stones, or a quantity of the black or white thorn, or 
small faggots of willow, alder, &c. may be laid at the bottom 
and covered with thorns, and lastly, these must be covered with 
turfs, having the grass side down. The wood used for these 
purposes should always be in its green state, as it will be the 
most durable when thus used. Where flat stones can be 
procured for forming the sides of a drain, all other materials 
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are superseded! one flat stone alu»ild be laid tdong the bottom, 
and two othera should be placed in an angle, so as to meet 
over the middle of it at the top; on the contrary, when wood, 
straw, &c. is need for filling a drain, the narrowest part should 
be at the bottom. 

A very simple mode of draining land, which is wet merely 
from the retentive nature of the soil, and which has been prao 
tised with success, consists in adding to the felly of a sii-inch 
cart-wheel, a piece of wood, upon which is a triangular rim of 
iron. That side of the cart containing this prepared wheel, is 
then loaded, till the piece of iron indents the soil to the depth 
of six or eight inches. These furrows are made in lines from 
five to ten yards asunder, the grass is merely pressed down, 
and not destroyed, and they generally grow up in the course 
of the year, 'they should therefore be made annually, at the 
approach of winter, but* the work is so easily executed, that a 
single person with two old horses, will go over iVom ten to 
twenty acres in eight hours. 

It is common for the land which has been drained, to want 
solidity; to remove this fault, it should be rolled. 


Irrigation. 


I7ext to the advantage of draining land which is too wet, 
must be placed that of supplying it with the moisture of which 
it is in want, and the practice of which is called irrigation. 
Lands are frequently so situated that a stream of water may 
be conveyed over them at any time, and the effect produced 
by the judicious use of such means, in hastening vegetation, 
is often equal to a guinea an acre, merely for the feeding be¬ 
tween March and May. No method of improving land brings 
a more immediate remuneration. The soils most essentially 
benefited by irrigation are those where sand and gravm 
prevails. 

To secure the full advantages of irrigation, the water mart 
be completely under command. After it has been ascertained 
that it can be admitted upon the land, the next question is,- 
whether it can be completely and immediately drawn ofl*. To 
determine this point, tne fall must be examined by levelling; 
if it is equal to fifteen inches per mile, die irrigation may be 
adfentured on; but if it amounts to two feet or thirty inches 
in nniUe it will be still better, as the lively motion of the watmr 
ie deelfatye^ and its stagnation, or any near approadh to that 
RlKte, 4s to be dveaded. The quantity of water whi<^ can be 
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commanded must also be considered, in order that the im- 
gation of no more land may be attempted at once than it will 
supply. 

Two modes of irrigation are in use: the first consists in 
carrying the water through the land in small channels like 
drains. The advantages gained by this practice consist, partly 
in what the soil extracts from the stream by its sponginess, 
and partly in what it gains by the channels being so propor¬ 
tioned to the supply of water, that they overflow their banks. 
The channels must be continued by pipes and trunks, across 
ditches and under roads. This plan is evidently adapted to 
make the most of a small supply of water. 

The second method consists in laying the whole surface of 
the ground under water. This is the most effectual plan, and 
often the easiest to execute. The water must be carried off 
by drains previously prepared. 

The time of the year in which irrigation may be performed 
to most advantage, is from October to the beginning of April. 
As the spring advances, land requires less water, it should 
remain on for a shorter time, and the intervals between the 
waterings should be longer. If the water has remained on 
the land too long, a white scum will be more or less observed 
in places where it has stagnated, and the wanner the season, 
the sooner this will occur. It proceeds from the rotting of 
the grass, and should never be waited for. In the last three 
months of the year, the land will bear soaking for twenty suc¬ 
cessive days, but in March or April not more than two or 
three days. In some parts, the lands are laid wet and dry for 
alternate weeks. Upon the whole, perhaps it may be well to 
make the time of watering before February, twice as long as 
the draining; and after that month, the draining may be twice 
the length of the watering. 

The water brought upon land by irrigation, does not benefit 
it solely by the moisture it supplies. The mud which it brings 
along with it consolidates swampy ground, while it enriches 
the sandy and gravelly. To obtain the greatest quantity of 
mud, the river or source of supply should, if convenient, be 
opened to the bottom, and frequently stirred up. For the 
game reason, irrigation continued during floods is eminently 
fertilizing. The water which has flowed through a fertile 
country, also, is more beneficial than that which comes from 
a mountainous barren district. Calcareous impregnations 
are very fertilizing, while those containing metallic salts are 
injurious. In spring, if sheep be fed upon the land which 
has been irrigatea, they quickly improve and fatten ; but in 
auttmin they must always be kept off' the grass of land irri- 
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gated during the summer, as it would give them the rot. In 
spring, however, sheep and calves are the fittest animals to 
turn upon irrigated land, as the larger kinds poach it. and 
injure the trenches. 


MANURE. 


The substances employed to au^ent the fertility of land, 
by intermixture with the soil, are called manures, whether they 
operate directly, by affording the pabulum of vegetable life; 
or indirectly, by a chemical action which causes other sub¬ 
stances to afford this nutriment, or a mechanical action that 
gives to the soil a texture better adapted to vegetation. Hence, 
scarcely any substances exist, whether solid Or fluid, which 
may not be applied as manures, if sufficiently plentiful; we 
shall briefly treat of the most general and useful. 


Animal Manures. 

When animals are deprived of life, all their muscular and 
soft parts rapidly putrefy, and as the elements composing 
them are the same with those of vegetables, and become dur¬ 
ing putrefaction soluble in water, they form a very valuable 
class of manures. 


Fish, Sfc. 

The most abundant supply of animal remains, which can be 
obtained for the purpose of nranure, consists of fish, such as 
herrings, pilchards, muscles, mackarel, the supply of which at 
the proper season, can generally be extended far neyond what 
is required for food. They should be mixed with lime, to 
hasten their complete destruction, and to prevent the stench 
which might otherwise arise. Used in the proportion of twenty 
bushels to an acre, they will have an excellent effect. The 
offal and refuse of slaughter-houses and butchers* shops, used 
in a similar manner, are equally beneficial. 

Chandlers* Graves and the Waste of Manufactories, 

^Suusdlers* graves, which is the refuse in the manufacture 
of candies# forms a yery valuable manure; as also the scum 
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formed in refining sugar, and which consists of lime and bul-- 
locks’ blood. 

The clippings and waste scraps of furriers, fell-mongers, 
curriers, and others who deal in Bains, are well suited to land 
intended for wheat or barley, especially where the §oil is light 
and dry. They should be scattered on the ground just before 
seed time, and used in the proportion of two or 'liree quarters 
to an agre, and should be ploughed in, to prevent their being 
consumed by crows, or other animals. 


Wooilen Rags. 

Woollen rags may be frequently obtained in abundance in 
the vicinity of paper-mills, and large quantities could be col¬ 
lected by those who take in linen rags, for the supply of pa¬ 
per-makers. They should be reduced to scraps in a paper- 
mill, and strewed by hand, for wheat and barley, three months 
before the sowing season; from six hundred weight to half a 
ton per acre is generally used. In Kent, a ton weight per 
acre is laid on every third year for hops. Dry gravelly and 
chalky soils are most benefited by them. 

Hair, feathers, and similar substances, have the same pro¬ 
perties as wool, when used as manures. 


Bones, Hoofs, 

The bones, hoofs, and horns of animals, are valuable ma« 
nures, and as their effects keep pace only with their decom¬ 
position, they are observable through a course of many years. 
In general, unless ground to powder, their best effect is not 
considerable the first year, although an improvement will be 
observable. Bones should be ground in a mill, similar to that 
used by tanners for grinding bark, or broken by a large ham¬ 
mer moved by water. The hammer need not be very heavy, 
but it should have grooves crossing each other on its face, to 
prevent the bones from slipping aside. It should strike upon 
a surface of iron, on a level witn and close to which should be 
a grating, that will only suffer pieces of the proper size to pass 
through it. While the hammer is in motion, a man stands by 
to supply the bones as they are required, and at the rising of 
the hammer, before it again falls, he pushes upon the grating 
with a rake, the bones which have been struck, and draws 
back those which do not pass through. The bones should be 
reduced to pieces not larger than hazel-nuts. 
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The boiM« of ftit cattle are better thaa those of leas; and 
bones should never be burnt, as that operation would d^itroy 
their gelatine and ammonia, upon the extrication of wkicn 
their value almost entirely d^ends. Bones will improve eve^ 
kind of soil, but are most enective upon those which contain 
at least a moderate proportion of vegetable remains. From 
diirty to sixty bushels of bones may be used to each acre; the 
grass lands thus treated will in spring be fit for the nourish¬ 
ment of cattle several weeks before any other. 

Farm Yard Dung 

The chief dependence of the fiiirmer, for animal manures, is 
on the supply oerived from the larger kinds of domesticated 
animals during life. It has been mlly proved, that the dung 
of fat animals is of a much more enriching quality than that 
of lean ones, and that it varies considerably, only with the 
condition of the animal, but the food it coaKgulea. Horses 
liberally supplied with corn, yield a more valua^a dung than 
when fed upon hay and grass. Animals fed upon oily seeds, 
such as lint and rape, afford a manure of the most fertilizing 
kind. ^ 

Too little care is generally taken in farm-yards to prevent 
4lie waste of manure ; it is of little comparative value, until fer¬ 
mented along with the straw carried out along with it from tlie 
stable; it should therefore neither be sufiered to lie spread out 
thin in the farm-yard, nor carried directly and laid out upon 
the land : Dr. Darwin proposes to place the heap of dung upon 
a gently rising eminence, with a basin beneath, in order that 
the superfluous fluid, which would prevent the fermentation of 
the straw, may drain off and be collected. If weeds, leaves, 
saw-dust, or any vegetable or animal matters, be thrown into 
the basin, they will contribute to form an additional quantity 
of manure; or as the liquor consists chiefly of urine, which of 
itatflf is a very valuable manure, it may be used alone to the 
land, or mixed with the dung, when it is duly fermented and 
ready to be carted away. The dung-heap should never be 
•less than four or five feet deep. The prudent farmer should 
Always atm at producing the greatest possible quantity of 
'dung upon his own premises, by using in litter all the com 
4hat he grows. 

Kight-soil produces a surprisingly fertilizing effect, for the 
first year; but in the second year its effects are not so obvious, 
vuad m the third year they disappear. The opinion of the bad 
taste it cominunicates to esculent plants is ridiculous; on the 
.ooatxafy^ the vegetables grown upon lands on which it has 
been sfMread, are luxuriant and healtby without ranknraa. 
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Swine’s dung is justly prized by the farmer; it has be^n ap* 
plied with singular advantage to apple, pear, and other fruit- 
trees. The dung of rabbits, pigeons, and poultry, is suitable 
for arable lands of a cold clayey nature; but as it is eittrmely 
hot, it is best applied in winter, when the rains wtU be liliely 
to wash it into the soil; if laid on in spring, and the ensuing 
season should be dry, it might prove injurious. It has been 
remarj^ed that cattle are much disposed to fatten on lands to 
which goose-dung has been used. 

The dung and urine of sheep are applied to land by folding 
these animals upon it, and they greatly imprQve a light sandy 
soil. 


Vegetable Manures. 



The remtins of the soft parts of animals, as well as their 
dung, and other animalized substances, are, by the process of 
putrefaction, so entirely resolved into substances which are 
either taken up by the air, or rendered soluble in water, that 
ifi the course of a shorter or longer period, scarcely a trace of 
them is to be discovered in the soil to which they have been 
applied.. They therefore make to soils no permanent addition 
of any consequence. In this respect they differ considerably 
from vegetables; of these, the principal part of the bulk con¬ 
sists of carbon, only a portion of which is rendered soluble in 
water by putrefaction; the remainder, under fresh accessions 
of this kind of manure, accumulates till it essentially modifies 
the soil upon which it is laid, or until a soil of a distinct spe¬ 
cies is formed on the surface of the earth. 

The more succulent plants are, and the more they contain 
of saccharine and mucilaginous juices, the more readily they 
putrefy and are converted into manures, and the smaller in 
quantity is the part that permanently remains in the soil. 
Tliis arises from their containing less carbon than the plants 
of a ligneous texture, and as such plants are veiy plentiful, 
instead of being thrown away, they may be converted into 
manure with great advantage. Thus dock-roots, cabbage- 
stalks, and weeds in general, if laid in heaps, and covered 
over with earth, and especially if every stratum of a foot in 
thickness, be sprinkled with lime, will speedily ferment, and 
form a valuable compost. In dry seasons, or when dry plants, 
such as fern, rushes, &c. are largely employed, it will acce¬ 
lerate the putrefaction to moisten the heap, and not to press 
them very closely together. 
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Sea-wted.—Rimr and Pond Weeds. 

Sea-weed forms a valuable manure to the farmer who can 
obtain it within a moderate distance ; that which is separated 
from rocks is better than what is thrown up by the tiaes. It 
may be applied to land immediately on its bein? gathered, as 
it speedily putrefies; or if wished to be reserved, it should be 
disposed, in altemate layers with mould, along with a.8mall 
ouanUty of lime. 

River and pond weeds will improve a sandy soil, and pre¬ 
pare it for turnips or wheat, if from ten to fourteen loads per 
acre be employed. 


Green Crops. 

The plan of growing green crops, for the purpose of turning 
them down, or plougning them into the soil, has not been 
much practised; but it is well adapted to lands in want of 
vegetable soil; vetches, turnips, beans, buck-wheat, and rape, 
• are suitable for this purpose. 

Ashes. 

The ashes of fern, stubble, and peat, form a valuable manure; 
but as the quantity of ashes is so much smaller than what the 
materials affording them would yield by their putrefaction, it 
is only for particular purposes that it becomes expedient to ob¬ 
tain them; such as destroying the sourness of a soil, and to 
gain time, by reducing rushes and similar weeds to the state 
of manure more rapidly than any other means win accomplish. 
Peat is burnt like charcoal, under a covering of turf. 

Tanners* Waste. 

The bark of oak, or tanners' waste, when completely putre¬ 
fied, which may be effected by adding lime to it, and suffering 
it to remain in heaps kept moist, greatly improves cold, stiff, 
heavy soils. If intended for grass lands, it should be laid on 
"early in autumn, that it may be washed in by the rain, as it is 
too heating to be left on lands during a season which may 
probably be djy. When designed for corn-fields, it may Im 
spread immediately before the last ploughing, in order to be 
turned down, and brought into contact with the roots of the 
corn,. In this way, its effect wi^ be slower than when lying 
on l^e surface; but it is necessary to guard against a very 
earJiy T^ftnfiun, which might be injurious, should a frort 
b^ur in spring. 
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Rape Dust.—Rape Cake.-—Mali Dust. 

Rape-dust, rape-cake, and all oleaginous substances, are 
useful manures, but they can only occasionally be obtained at 
a cheap rate and in sufficient quantity. 

Mait-dust, sown along with grain, in the proportion of 80 
bushels per acre for wheat, and 60 bushels for barley and for 
grass lands, is extremely beneficial to clayey soils or stiff 
loams, particularly if laid on just before rain. 


Fossil Manures. 

Fossil manures, or those derived from the mineral kingdom, 
are very numerous, and from the firxedness generally belonging 
to this class of bodies, most of them form a permanent addi¬ 
tion to the soils upon which they are applied. 

Lime. 

Lime is one of the most valuable and active manures of this 
class, for stiff soils which are deficient in the calcareous in 
gredient; also for the sandy, and for those which contain a 
large proportion of unreduced vegetable matter, such as peaty 
and moss lands, and waste land generally. It rapidly converts 
dead vegetables into soil, and is very efficacious in destroying 
insects, thus at once preventing their depredations, and fer 
tilizing the soil by their remains. 

Lime, after having been carted from the kiln, should be laid 
in heaps where it is to be spread, moistened with water, and 
left covered with earth, till perfectly slaked. It is the more 
useful, the more perfectly it is mixed with the soil; it should 
not therefore be suffered to be long in its slaked condition, as 
it will become full of clots which will not afterwards fall into 

f mwder. During winter, it is improper to lay it on, particu- 
arly when the land is on a declivity, as the rains of that sea¬ 
son might wash much of it away. It should be spread and 
ploughed in immediately before sowing. The quantity to be 
used differs with circumstances. On strong clays, particularly 
if soured by the presence of an acid, 400 bushels per acre will 
not be too much. On soils where the object is to convert 
vegetable matter into soil, 2(^ bushels per acre will suffice. 

On poor, light, and thin soils, and on stony land, lime is of 
little service; but where it is proper, it has been observed, 
that the grain produced by lands which have been limed, has 




CIO 


AGRICULtURE. 


ManoTM. 


a thinner skin, and yields more dour, than the produce of 
other lands. The reason of this is supposed to be, that it 
contains more starch and leas mucilage j tiie lime tending to 
hasten the ripening of the seed, and to convert mucilage into 
starch. 

It is the common calcareous limestone, to the qualities of 
which, what we have hitherto said refers; but some districts 
contain chiefly magnesian limestone, which is very injurious 
to vegetation. The diflerence between the two kinds was first 
made known by Tennant, in 1799, and the discovery settled 
the perplexity which had arisen with respect to the use of 
lime; those who used only the limestone now known to be 
magnesian, finding that they injured themselves by it, while 
others, who had no other than calcareous lime, disputed the 
possibility of such a result Magnesian limestone is generally 
of a yellowish brown or fawn ctnour, but a more certain cri¬ 
terion of it is, that it is ten times as long in dtsuqlviiig in an 
acid as common limestone. 


Chalk, 

Chalk is converted into lime, by exposure to a red beat, but 
it is generally applied to land in its unburned state, in which 
case the only difference between it and slaked lime, is, that 
the lime contains a less proportion of carbonic acid, and is 
therefore more acrid. Hence chalk is applicable to lands of 
the same description as require linie, but an equal quantity of 
it is not so efficacious, not only because it is less operative in 
hastening the dissolution of vegetable matter, but because it 
cannot, at any admissible expense, be reduced to powder and 
intimately combined with the soil. The quantity of it used, 
may be from one-third to one-half greater than that of lime. 
It is particularly beneficial to land injured by the vicinity of 
sprii^. The whitest and hardest chalk is the best. It should 
be on against winter, in order that the frost, by pulveris¬ 
ing it, may hasten its blending with the soil. 

Marl. 

Min’! forms a very valuable manure, if it be of a proper kind 
for the land to which it is applied. It is of three kinds; vis, 
cal<mfoo»8, argillaceous, aun sandy. 

Calcareous marl consists of from thirty-three to eighty parts 
of oIuiUt» or calcareous eartb, and from sixty-seven to twenty 
parto fll tdyay in the hundred* It is generally of a yellowish 
wldte, or yeOowish brown# but in some places it. is of a brown 
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or reddish cast. That which contains shells is most valued, 
and is called shell-marl. It efFervesces with acids; when pul* 
verized, it feels dry between the fingers, and if immersea in 
water, it readily crumbles to pieces; outdoes not form a viscid 
mass. It is commonly discovered a few feet beneath the sur¬ 
face of the soil, and on the sides of hills, or the banks of rivers 
flowing through calcareous countries. 

Argillaceous marl contains from sixty-eight to eighty parts 
in the hundred of clay, and from thirty-two to twenty ot chalk. 
It is of a gray, bluish brown, or reddish-brown colour. It is 
harder and more unctuous than the last species, and if exposed 
to the air or moisture, it does not moulder so quickly. It 
effervesces with the mineral acids, but not with vinegar. 

Siliceous or sandy marl, contains a greater proportion of 
sand than of chalk or clay. It is of a brownish gray or 
lead-colour, and is in general friable and flaky, though it 
sometimes occiura in hard lumps. 

Heavy clay soils are most benefited by calcareous marl; the 
sandy, gravelly, and light loamy soils, by argillaceous marl; 
siliceous marl may be applied to the same kind of soil as the 
calcareous, wdiere tlie calcareous cannot be obtained. 

Much of the utility of marling depends upon the marl being 
intimately combined with the soil. This dressing should 
therefore be given in summer, when the marl is light, dry, and 
easily crumbled, and the marl suffered to lie on the surface 
during the ensuing winter, as the alternation of frost and rain 
will tend to complete its pulverization. The quantity of marl 
to be used depends on the state of the land to which it is in¬ 
tended to be applied ; but it is advisable to err rather by using 
too little than too much, as it is not easily removed. Twenty 
tons per acre is in general a proper quantity, excepting for 
grass land, where half as much, thinly and evenly spread, will 
generally suffice. 

When land has been properly marled, it will continue in 
good condition for twelve or fourteen years. 

Gj/psum. 

Gypsum, or the stone from which plaster of Paris is prepar¬ 
ed, has not in this country been fully tried as a manure. In 
America it is extensively used with the greatest success. It 
is ground by a mill and sifted, and is then scattered on the 
land in the proportion of eight or nine bushels to an acre, at 
any season of the year. It powerfully accelerates the putre 
faction of vegetable and animal matter, and is well adaptea 
to increase the crops of grass, saintfoin, and clover. 
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Clay greatly improves a sandy loose soil, and the greater the 
proportion of silex in the sand, the more advantageous it will 
be. In estimating the expense of it, the durable nature of the 
change it produces must oe attended to; a good claying will ■ 
be efficient for almost half a century. In the North Hiding of 
Yorkshire, land so sandy as to produce with any other manure 
only lye, will, with clay, yield plentiful crops of oats, barley, 
&c. The usual quantity laid on, is from ten to twelve loads 
per acre. 

Burnt clay, reduced to powder, has the opposite properties 
of clay itself, and improves cold, wet, stiff, clayey soils. 

Sand. 

For clayey soils, moorisn tracts, and stiff loams, sand forms 
a useful dressing. Sea sand is the best; the clays and loams 
will often take from 40 to 50 loads per acre; but moorish soils 
will require two or three times that quantity. 

Coal Ashes 

Coal ashes form a useful manure for lands of the descrip¬ 
tion requiring burnt clay. They may likewise be employed as 
a top dressing for clover, on dry, chalky lands, over which 
they ought to be scattered in the months of March and ^ril, 
in the proportion of from 60 to 60 bushels per acre. They 
may also be applied in like manner to grass lands. 

Soot. 

Soot remarkably increases the produce of soils abounding 
with vegetable matter; it prevents the growth of moss; and 
from its warmth, makes an excellent addition to cold, moist, 
and clayey meadows and pastures. The quantity used varies 
from 15 to 25 and even 40 bushels per acre. It should be 
strewed on the land in calm weather during winter, so that the 
subsequent rains may wash it into the soil, as in spring the 
beat it would produce, might be a check upon vegetation. It 
is often employed as a top-dressing to grain and grass, and on 
the former, has been found extremely useful in destroying the 
wire-worm and other insects. 

, j(t is sometimes a condition in leases, tliat no more soot shall 
be used on the fann, than is produced upon it; and as a rca- 
soR for this, an opinion has prevailed, that soot, though it 
greatly incres^es the quantity of produce, during the first yeat 
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after its application, yet it exhausts the land, which is after¬ 
wards in a worse condition than if it had not been employed. 
The conditions of leases are often irrational, and injurious 
both to farmer and land-owner j it deserves inquiry whether 
this is well founded. 


• Saline Manures. 

Saline manures in general combine readily with other sub¬ 
stances, and produce decompositions which are extremely use¬ 
ful to agriculture; but it is more necessary than with other 
kinds of manure, to guard against using them in excess, par¬ 
ticularly when they contain a powerful mineral acid, as in the 
first substance mentioned below. 

Manures of this kind are chiefly useful when the soil con¬ 
tains much vegetable or animal matter. 

Salt. 

Salt, as a manure, is singularly beneficial, if used in small 
quantity. The fattening of cattle upon salt-marshes, has been 
practised time out of mind, and it is to the salt contained in 
those lands that a very considerable part of the effect must be 
attributed. 

Salt is of great use for raising turnips, and also for com, of 
which it causes the straw to be strong, and the grain thin 
hulled and heavy. It sweetens sour pastures ; improves and 
increases the herbage; while it destroys noxious insects. 

The quantity of salt which has been recommended, is from 
twelve to sixteen bushels per acre; but on the authority of a 
gentleman, who had made through a course of years a great 
number of experiments on the use of salt as a manure, and who 
communicated the result of them to Parkes, the ingenious 
author of the “ Chemical Catechism,” one bushel per acre is 
all that can be used with safety: a greater quantity would ren¬ 
der the land sterile for two or three years afterwards. This is 
consonant with the fact, that a small quantity of salt hastens 
putrefaction, while a laige quantity effectually prevents it: for 
the salt does not act so much by its being imbibed by the 
plant, as by its property of attracting moisture from the atmo¬ 
sphere, promoting the decomposition of other substances, and 
causing them to afford the nutriment required. 

Edmund Cartwright, of Woburn, received from the Board 
of Agriculture, the honorary reward of a gold medal, for a 
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valuable set of experimeints made by him, to ascertain the 
value of salt in agriculture. Of the soil he used, nearly three- 
fourths was sand, the remainder consisted of calcareous and 
Tegetable matter, with alumine, and a smalt quantity of oxide 
of iron. Having tried all the usual manures, alone, and dif¬ 
ferently combined, he found salt to be superior to any of them, 
when used singly, excepting chandlers’ graves; but of mixed 
manures, salt and soot were superior to all others. ,The pro¬ 
duce upon which these experiments were made, was potatoes; 
and it was observed, that whenever salt was used, this root 
was free from the scabbincss with which it is commonly in- 
fectqd> One peck of soot, and a quarter of a peck of salt, 
were used to a bed one yard wide, and forty yards long. When 
the salt was used alone, the quantity was the same to a bed 
of the same extent. 

Saline Refuse of Manufactories^ 

Chandlers’ graves, it has been noted above, is an excellent 
manure; proving superior to salt when used alone; the refuse 
of salt-works, soap-boilers, bleachers’ waste, may also afl’ord 
the farmer an equally valuable resource. 


Fluid Manures. 

Sea Waterf Sfc. 

The tracts of land called the salt-marshes, are occasionally 
overflowed by the sea, and the nourishing herbage which this 
natural irrigation produces, evinces in so remarkable a manner 
the utility of sea-water as a manure, that those who have lands 
on the sea-coast, should not suffer it to escape their attention. 
Probably to the animal and vegetable matter with which the 
sea-water is charged, may be attributed some of its fertilizing 
properties. 

For the utility of common water as a manure, we refer to 
the section on Irrigation. 

The liquor of the farm-yard should never be allowed to run 
to waste, as whether used alone, or mixed up with composts, 
it is one of the most valuable manures. 

The mud derived from the sweepings of streets, ponds, and 
ditches, may generally be used with advantage; but its com- 
poattion should first be taken into consideration; sometimes 
clay^ sometimes siliceous sand; sometimes calcareous, some- 
tiittfes vegetable matter, is the predominant ingredient ’; and it 
li sufficiently obvious that it must be used accordingly 
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Oil Compost, 

Dr. Hunter invanted a fluid manure, or oil-compost, which 
is prepared as follows; 12 pounds of North Amencan potash 
are to be dissolved in 4 gallons of water. After the solution 
has stood 48 hours, 14 gallons of train-oil are to added to 
it. In a few days the mixture will have become nearly uni¬ 
form; ittnay then be poured on 14 bushels of sand, or 20 of 
dry mould, and the whole should be frequently turned over, 
for the space of six months. When used, it is mixed with one 
or two hogsheads of water, and conveyed upon the land by a 
water-cart. This oil-compost is a valuable manure; ^ut the 
inventor admits its inferiority to rotten dung. 

% 

Miscellaneous Remarks. 

For land which has been long kept in good condition, a suf¬ 
ficiency of animal and vegetable manure may, under judicious 
management, generally be produced on the premises to con¬ 
tinue its excellence, and even to improve it: but when a con¬ 
siderable capital is to be devoted to produce a spirited and 
immediate improvement of poor and much-neglected land, the 
product of the yard can afford no adequate supply. In this 
situation, much may be gained or lost by the procedure adopt¬ 
ed. Some slight acquaintance at least with chemistry, or of 
the action of substances on each other, will be extremely ser¬ 
viceable; to be unqualified in this respect, will be labouring 
in the dark: a successful result may be obtained, but it will 
be very imperfectly known how it happened; and it will afford 
no valuable instruction for the direction of the future. When 
the surface-soil of the estate is known, the under strata must 
be examined, to discover whether earthy materials of value 
can be obtained on the spot; attentive observation must be 
employed to discover whether manufactories, established with¬ 
in a moderate distance, afford refuse, which may be used alone, 
or is fitted to render other cheap materials efficacious. Then 
the manure supplied by the neighbouring towns, roads, and 
other usual, sources, must be examined; thus the sweepings 
- of roads and streets paved with limestone, will be valuable to 
land deficient in calcareous matter; and the fuel used in the 
district, which may be either of vegetable or mineral origin, 
will make a considerable difference in the dung-hills. It can 
scarcely need remark, that in estimating the value of any 
.manure, its first cost and probable durability must be con¬ 
joined. By a vigilant and early attention to all local circum- 

52.— VoL. II. .41 
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stances, very efficacious materiais mav often be collected at a 
moderate expense. The only general advice which can be 
given, is, to revert to the action of iiiaiiore% which ameliorate 
soils from four diflerent causes; 

let They reduce them to a proper tenacitywhen this is 
effected, the plants are properly supported, their roots shoot 
in the manner to which they are naturally disposed, and they 
are in a situation to receive the nourishment uiey require. 

2ndly. They nourish plants, because, during putrefaction, 
they b^me in part aoluble in water, and the water thua im« 
pr^^ated, ia taken op by the roots, and becomes a part of 
the sulMtance of the plants which receive it. 

3dly.*They contribute to the nourishment of the plant, by 
basteniug the putrefaction of animal and vegetable bodies, 
and by decomposing earths j such as taking carbon from car> 
bonate of lime. 

4thly. They contribute to the growth of plants by the wsrmth 
th^ produce, which is a collateral effect of decompositien. 

l&irthy additions toa soil, produce in the greatest degree,and 
chie6y,thefijrst'menttoned effect of manures ; fermentra animal 
and vegetable bodies the second; saline bodies the third; ani* 
mal, vegetable, and saline substances, all produce the fourth; 
but in those which are either wholly or chiefly vegetable, tl is 
the strongest: and the effect of comp<Hiti and much compound¬ 
ed manures will generally be proportionate to the degree in 
which they partake of the properties of each of these classes. 

In heaping together materials for the formation of compost, 
regard must be paid to the activity with which the substances 
will act on each other. Thus if caustic, that is, fresh-burnt- 
lime, be mixed with farm-yard dung already nearly decayed, 
the conser^uence will be rather worse tfasn laboar lost; for lbs 
viokrot action of the lime will presently effect the entire disso¬ 
lution of the dung, and its most valuable parts will be con- 
vertmi into gas, dissipated, leaving only a dry compound, 
of li^e comparative value. Caustic lime is fittest for coarse 
materials, or plants having strong stems, and many iigneoua 
fibres* WeU slacked time, or cfamk, and only in a moderate 
'<{«Wii^ly» dbtottld be mixed with substances slmady haateiui^ 
to^ffiiMMMution. The fermentation of nnlmtaacei, or thetr. ao- 
tien ow eadi other, is as much as possible to be bioaght jmit 
to MMsIi a stale, that it will go on, alt^ the MuitiiO 
fii timwml by the plough. 


A0aiC17Z.TUBE. 


617 


Am alkwl i— of noilt. 
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Tbs nirodiictloii of toafiort, by paring and bu|oing» 90 the 
ipot where it ia to be used, is not at present a vftir .common 

E ractice. It is employed for lands which are intended to, be 
ronght from a state of nature or waste into cultivation. It 
consists in cutting off the turf, and piling it in heaps to dry; 
when perfectly d^, it is burned to ashes, which are spread 
upon toe surface from which the turf was taken, and ploughed 
in. Rushy, heathy, and barren lands, have been by these 
means rendered very productive; but if the quantity of vege¬ 
table matter left in the soil, is not considerable, the land will 
not bear this operation, and will in a season or two return to 
its original poverty, unless the soil be clayey, when the burn¬ 
ing is beneficial, to furnish a manure which will lessen its 
coldness and wetness. A few large fires, are not so beneficial 
as a great number of small ones, by which the whole surface 
of the ground is warmed. 

Paring and burning form together rather an expensive ope- 
nUion, which should only be resorted to, where the quantity 
of vegetable soil is considerable, and where lime cannot be 
obtained ot a rale sufficiently cheap, to reduce it into mould. 
The preparation effected by it is excellent for turnips and 
potatoes. 


Op Fallowing. 

Fallowing consists in allowing .and to remain for a season in 
an unproductive state, in order to prepare it more effectually 
fov bearing a large crop. It affords an opportunity for check¬ 
ing the errors of bad management, by whi^ the land has been 
far exhausted, or is too replete with weeds to be fit for the re¬ 
ception of valuable seed; this is effected by repeated plough- 
tugs and baurrowings, thus pulverizing the «oil, destroying and 
intimately blending with it the weeds with which it was over¬ 
run, and exposing new surfaces to the ameliorating action of 
the sun, air, rain, and dews. It is only as a preparation for 
white crops that fallowing is adopted, and unaer a good sys¬ 
tem of management, it is not necessary for this purpose. It 
is offenest required by a heavy, clayey soil. 

Fallowing may be undertaken either in winter or summer, 
according to the state of the soil, or the crop to be raised* If 
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the tend it to be prepered for btrley, the ftllowing mml be 
tccomplithed during winter, end therefore if the toil be cltye]^, 
ploughing end harrowing ehottld be at leaet onoe performed in 
autumn, before the wet weather commencet, otherwiae the 
heavineaa of the woilc will render it ver^ expeiunve« If a anm- 
mer follow it designed for a clayey toil, as a preptration for 
wheat, the plooghtag should m undertaken berore the soil 
gets too dry, for the same reason, of doing it when the labour 
will be least. 

Although the necessity of frequent follows, to destroy weeds, 
is a reproach to a former, yet where fallowing has become 
necessary, it ought decisively to be undertaken. Fallowing 
sometimes supersedes the use of mtnure for the crop imme¬ 
diately following it; and then if manure be used to the second 
crom, both will be abundant. 

Green crops, called fallow cit^s, which are intended to 
relieve the land by diderence of produce, and thus render 
naked fallowiiig unnecessary, have been adopted with the 
greatest success. Thus on heavy land, instead of asumnier*e 
fallow, beans, pease, cabbages, red clover, tares, and rape, are 
recommended; and on light soils, potatoes, turnips, and buck¬ 
wheat if the land be good. The hoeing and nrepamtion of 
the land for these crops, secure in a consideraoie degree the 
pulverization and exposure to the air which arc among the 
chief advantages of fallowing, and the plauU, when grown up. 
shelter the land from much of that loss hy evaporation which 
fallowing occasions. 


OF THE DIFFERENT KINDS OF CULTIVATION, 
PRODUCE, AND LIVE STOCK. 

Or TUB CuLtCBE or Obasses 

Grass lands are required for two purposes; first, for afford- 
tog hay, and when devoted to this use tney are properly o^led 
m^adowB ; secondly, for the growing herbage to support cattle, 
in which state they are called nastum. 

The greater or leas extent of the portions of an eatale devoted 
to pasturage or meadow produce, must often be determined by 
local circumstances. Low and wet tracts of land produce a 

g reat abundance of high grass, but it is coanm; elevated and 
ry tfsota, on the contrary, yield a fine, sweet, but low Imvb- 
mge, which renders the fiesh of cattle extremely delicate. 
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Cattle are generally su0ered to crop the early, aa well ae the 
after grass of meadows; but they should never be suffeied to 
remain on the land, at a time when, from its we;tness^ they 
would be apt to poach it; m every spot on which they might 
tread would beccmie a receptacle for water, and would not be 
restored to a state of beanog grass, for several years after* 
wards. Erery precaution should be taken to preserve on 
meadow lands a smooth surface, in order to remler the opera¬ 
tion of mowing easy and perfect. The rolling of such lands 
early in spring, especially if they have been irrigated, is also 
ttserul to destroy ant-hills, check the growth of weeds, and to 
make a close thick sward, for every branch of clover, which is 
closely pressed to the ground, takes root again. 

When ploughed lands are to be laid down for meadow or 
pasture, too much pains can scarcely be taken to pulverize the 
soil thoroughly, by ploughing and subsequent harrowings, in 
order to render the surface hue and clean. The grass seeds 
may be sown either in summer or winter, after turnips, cab¬ 
bages, or any hoeing crop, but it should be in damp weather. 
Oil the approach of winter, the young crop should lie slightly 
covered with long stable dung, old thatch, sand, earth, or any 
other manure. 1‘hc weeds should occasionally be removed, 
sfnd vacant spots replenished with seed. Of grain-seed it is 
easy to sow too much, but grass seeds can scarcely be sown 
too thickly on any soil, although bleak situations and infertile 
ground require still more seed than others. 

A really good turf is formed with so much difliculty, that 
when once produced, it siiould never be broken up, without a 
full consideration of the advantage to be gained by the 
change. 

Poor pastures and meadows are greatly improved by folding 
sheep upon them, for these animals eat almost indiscriminately 
every thing young and tender, and thus consume a number of 
weeds; their manure also is of the most beneficial kind, and 
their close cropping tends to produce in the grass the desir¬ 
able state of matting iu* roots. 

Light top*dressii^s of quicklime, are well auited to grass 
lands, where more moss is to he destroyed; but in general, 
lime mixed with earth, or the mud of ditches and ponds, is 
preferable: soot also makes a good top-dressing. 

A a emiaent agriculturalist has given the following arrange- 
■leat of grassea adapted to the difierent sorts of soil: 
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Cow 

CockVIbot 

Mmow fetctte 
FoiUiil 

Ro«i)rh««talked meadow 

Oat 

Trefoil 

Yorkshire white 
Timothy. 


White oh»f w 
Rve 

Meeclow fetoee 
Foil tail 


DogfVtatl 
Continoii meadow , 
Yorkshire white 
TimoUiy 

Smooth^ataiked meadow 

Sheep’s fescue 

Hard fescue 

Yarrow 

Lucerne 


Sfmd. 

White clover 
Rye 

Yorkshire white 

Swect-sceotcd vernal 

Sheep’s fescue 

Yarrow 

Burnet 

Trefoil 

Rib. 


Chalk 

Yarrow 
Burnet 
Trefoil 
White clover 
Saintfoin. 


Fra/. 

White clover 
Dog’s-tail 
Co^’s-foot 
Rib 

Yorkshire while 

Rye 

Foxtail 

Meadow fescue 
Timothy. 

i* 

Boi in proportion aa a soil combtnot more or Iwa of ^eoa 
didbreat oharacteriatka, its adaptation to the fpraaeee onnaier* 
wied will vary, aa also by diderent degrees of exposore, 
turn, and the mannre it receivea. Hence it it nantl to ao# a 
mixtiue of all the grass seeds that are likely to dbrive In a 
■oil, hut to provide the largest propi^on of raose aeeda, the 
grnstes dnom vihich ere the moat dtmirable. 
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One of the most remarkable improvemenU of modem agri> 
cultum, has arisen from the attention whieh has been given to 
the different grauies: the seeds of all the valuable sorta may 
now be purchased sepmately at the seed-shops; but tVom the 
want of an aocnrate Knowledge of them, it was fonneiiy tm* 
possible to adapt the grass to Uie land with any kind ot pre¬ 
cision. We subjoin an account of the most serviceable 
grassy. 

Meadow Grau. 

The aouatieOf or reed meadow-^rasi, grovm in marshes, and 
on the banks of rivers, for which situations it is extremely 
valnable. It flowers in July and Aogust. Horses, cows, and 
sheep, eat it with avidity; though it is apt to distend the 
bowels of cattle that eat of it largely. In the Isle of Ely it 
attains the height of six feet, though usually cut when mur 
feet high. It affords, when properly dried, an excellent sub¬ 
stitute for straw in thatching. 

Smooth~$ialked meadow-^raa thrives best in dry situations, 
and retains its verdure in not and dry seasons longer than any 
other plant. It springs early, affords rich pasturage to all 
torts of cattle, and makes excellent hay. It greatly exhausts 
a soil, and the quantity of it diminishes every year in dry 
situations, unless well manured. 

Rough-italked meadowy-grass is one of the best of British 
grasses. It grows on moors and moist pastures, and flowers 
froin June to September. All kinds of cattle relish it. It re¬ 
quires a situation rather sheltered. 

Fiat-staiked, or creeping meadow grass, is prefeired by Dr. 
Anderson to ail the other meadow-grasses, its leaves are line 
and succulent; grow very close, and are more abundari and 
larger than those of the last-named grMS. It is said to ren¬ 
der the flesh of deer and sheep peculiarly tender and sweet- 
flavoured, and it forms a fine turt for parks. 

J/owr 

Ommon cheer thrives best on a stifl loam or even clayey 
soil. It is usually sown in spring, in the proportion of ten or 
fifteen pounds per acre, along wiui barley, oats, or wheat; but 
the iMt is the aafest grain to sow with it, as in dry seasons it 
will sometiiitet overpower the others. It is also mixed with 
rye-grass. Cattle are apt to mit of it till they are hoven. which 
is b^ prevented by moving them conatanUy about the field. 

Wkm damt Ihnves in rich sandy and clayey loams; but 
itaeQfliMs n dry soil, and even aneoeeds well on a peaty one 
that is wtB drained. When grown on light land, rolling will 
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much tiiipror« tlm olop. • Where it i« found wtld» it indifinliie 
a good aoU* It ie uiitailjr sown vttii red otorer. ryt-gnee, ot 
bariey» and i» in blossom from May till Septemb^. Irrigatioa 
is favourmlde to it, though not to common clover. Sheep aio 
not fond of it, aod^ogs refuse it^ other cattle hitten upon it* 

lied clover also indicates a good soil, and is unfit for wet 
situadona. It^will grow on a moor which is dry. It forms 
an excellent pieparattoii for wheat, and makes excellent green 
food. It should be sown between the middle of April and the 
middle of May. As it requires shelter in cold weather, and 
without this be alTorded the crop might be loai. it is fre<|uently 
sown with fiax, on a highly cultivated soil, as fiax may gene* 
r^ly he removed sufiiciently early to allow the red clover 
tune to grow. 

Fesrue Grass. 

Meadow fescue gram is very hardy, thrives both in wet and 
dry situations, in almost every diversity of soil, and afibrds a 
sweet and nourishing food. It is rather late in fiowertng, but 
it supplies much seed, which are easily gathered. It resembles 
rye-grass, but is more valuable. 

Sketp'sfescue gram grow* best in dry sandy soils, and speedily 
fat^us cows, horses, goats, and sheep. It is good both lor pas* 
lure and hay, but as it is a stiiail plant, for the latter purpose 
it will scarcely Re desirable to cultivate it, unless the soil be 
too sandy and poor for other grasses to thrive. 


Ha'mtfom. 

The common mintfom has not hitherto received the attention 
it appears to deserve. It is very productive and durable, re¬ 
maining fifteen or twenty yeim on light poor land, in high, 
chalky, and dry situations. It the soil be deficient in calca¬ 
reous mslter, it should be manured with chalk or calcareous 
marl for this grass. Horses fed with ssintfoin scarcely require 
oats; sheep rapidly Ifctlen upon it; and cows fed on it give a 
larae quantity cl neb milk. None of the grasses are so soon 
made into hay, and fit to be taken off the fimd after mowlog. 


Lucerne. 

it beat adapted to rich, Hty loams. It ii^tatied 
aia ooaSMdemble expense, but it is as dorable as satnifomi and 
it more than proportionably valuable* 
re^mmefiJ^iie land to be prepared for it by two;iiiec««*>vn 
enmm.pf lurdlpi* The seed should be sown about dmJptter 

in April, with oats. As ** 
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•owR Slid harrowed, the laceme ahould be deposited in the 
^und, and a light harrow passed over. It is generally ready 
tor mowing by the latter end of May, and in six weeks aftci^ 
wards will yield another crop. It has hitherto been chiefly 
used for soiling cattle. When lands planted with lucerne are 
broken up, they produce most abundant grain-crops. 

Vetch, or Tare. 

Of the e&mmon vetch, or tare, there are three kinds, but only 
two are much cultivated, vir. the summer vetch, and the winter 
vetch. • 

The summer vetch is raised from seed, which is usually sown 
at the latter end of March or in April. Eight or ten pecks of 
seed per acre are retpiired Ibr*broadcast sowing; hut by drill¬ 
ing, half that quantity will produce a better crop. It is culti¬ 
vated finr weaning lamb.s, and soiling horses and cows; its 
seeds ore exccdletit for pigeons. 

■ The winter vetch is sown in September. A small quantity 
»»f beans, or black oats, is sown to support the plants, which are 
gi'iierally covered w ith long dung to preserve them from frost. 
‘i his plant is applicable to the same purpose.s as the former. 
*rhe seeds «»! the two kinds resemble each other, but as the 
seed of each kind i*. only adapted to the season pointed out 
by its name, thev should be gathered and kept distinct. 

Tares are hardv. and mav be successfully raised on almost 
every kind of soil, unless It be very wet, and the situation 
hlealic.. When ploughed into chalk land, they form an ex¬ 
cellent manure for wfheat. They require but little attention 
during their growth, and they will maintain more stock than 
any other plant. Davis, on the produce of an acre of them, 
maintainea four horses in much better condition than upon 
five acre* of grass; upon eight acres, he kept twelve horses and 
five cow*, for three months, without any other food. Cattle 
should never roam at large over a fielti of tares; this grass 
slumld be cut and carried to them, or a small portion at a time, 
for their uae, ahould be fenced oli with hurdles. 


Haymaking. 


Hay should be mown wben it contains the greatest quantity 
of nutlitious juices. Tliis will genenilly be at the time of it* 
beginning to flower; but upon the whole it is better to be 
ramer late than too early. To obtain the greatest quantity, 
of crop, it? should be mown close to the ground ;—to press 
ad.-Voi.. II. 4 K 
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dowrn the ineqiiftlitte* ftii4 ttooest that thi» may be pcvibfned, 
is one of the princtpaJ reasons for rolling lend. 

In Middlesex, waere the hay it probably belter made than 
in any other jpart of the kingdom, all the grass mown on the 
first day. before nine o’cloi^ in the morning, is tedded, that 
is. itniformly strewn over the field. It is turned once before 
twelre o clc^. and generally a second time in the afternoon. 
It is then raked into what are called wind-rows, and formed 
into small cocks before it is left for the night. On the second 
day. the grass mown the preceding day after nine o*clock. and 
wlmt is cut on this day before that time, is tedded, and treated 
in the manner just described. Preriously to turning the grass 
of the second day’s work, the small cocks thrown up on the 
preceding day are well shaken out into straddles, or separate 

{ dats, fire or sis yards square.* If the crop be so thin as to 
eave large spaces between the plats, they ought to be raked 
dean. The next business is. to turn the plats, and also the 
grass cut on the second day, which is generally done before 
one o’clock, in orhr that ail the grass which is mown may he 
drying while the peopk are at dinner. In the afternoon, the 
straddles or plats are raked into double wind-rows, the grass 
into single ones, and the hay is thrown up into field-cocks of 
a middling sire; the grass is then cocked, as on the preceding 
day. The work 4s daily carried on by a repetition of these 
operations, till, in favourable weather, tne hay which was made 
into cocks on the evening of the second day, will in the after¬ 
noon of the third day be fit for leading oft", and on the fourth 
day may be stacked* In the northern parts of Britain, hay 
cannot be made so eipcditiously, as the heal of the sun is 
weaker, and the grass is not strewn so thinly over the field, 
from the greater uncertainty of settled weather. 

When the weather is such as to prevent bay from being 
made sufficiently dry, the strewing of a layer of salt over a 
layer of hay, in the proportion of one hundred weight of salt to 
seven or eight tons of nay. has been found a security against 
the orerhealing of the stack; and cattle of all kinds will prefer 
. coarse hay thus prepared, to the best of the ordinary kind. 
Stacks should if possible always be erected in fine weather, 
mad this.is the more important, the more unfavourable the har- 
eefl weather has been, as the working and spreading of the 
hmf. while stacking in the sunshine or a drying wind, will much 
Biil|>fO're ita condition. The stacks should not be thatched till 
tiwy has# had about a week or a fortnight to settle. Round 
stadia require the least thatching, hut oblong onm are more 
oonvemctil to cut from, in order to make thele^ iHfeO Imiisei 
for sale. 
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PldMgh* to Iw saitod to tbe mU. 


The afler crop of hay, or rouen. i» ietta nutritiotta tliaii the 
firai; it it not suitable fur homes, but is Tery serviceable for 
sheep and neat cattle. 


Plouohinc. 

Though a sketch of agriculture so limiteti as the present, 
will not admit the separate consideration of tint various ploughs 
and otiier implenieuU in use for ditferent sods and operations, 
yet we may advert to the objects for which they are required, 
and w ith respect to implements we may ofi'er a word or two, 
before we proceed further: the fanner will greatly promote 
his interest by an enlightened attention to their construction; 
for in all operations on a great scale, the accumulation of 
hide iinpedioients adds serious sums to an annual expendi> 
ture. lie should have a general knowledge of mechanics; he 
should satisfy himself by experiments of the principles of 
draught, and should study to acquire—what he will hardly 
ever be so situated as to*nnd one around to possess—a real 
practical knowledge of the best materials in wood and metal, 
and in what proportion they should be used to combine, for 
their several purposes, and the peculiar soil he has to work, 
tlic utmost degree of cheapness and durability; for he has 
equally to guard against those who deceive him from igno¬ 
rance, as those who do it for prolit. 

The considerations to be regarded in ploughing, are, 1. the 
direction of the furrow; 2. the breadth of the ridges; 3. the 
depth to which the earth should be turned up; -1. the fre¬ 
quency of Uie operation; and 5. the season for performing it. 

A proper direction of tlie furrow, or trench made by the 
patii of the plough, is verv subservient to the draining of 
land which is too wet. When the land is level and dry, the 
furrow should run directly north and south, as most favour¬ 
able to the early maturity of the crop. On declivities, the 
furrows should be drawn in a direction which will give them 
only a small descent, as this will diminish the labour of 
making them, and prevent the water of heavy rains from 
having that rapid motion which would wash away the manure 
and soil. 

The ridges, or space of ground inclosed between two fur¬ 
rows, should be narrower, the wetter and more retentive the 
soil; but where the soil does not require any particular pre¬ 
cautions for its management, about eighteen leet is found to 
be a very convenient breadth. In order to carry ofli'w'ater, it 
is better to make the ridges narrow, than very convex or high. 
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ns when constderabiy rounded, tbe crown of the ridge benomee 
much dryer than any other pAri,«nd the crop ripens un^naJiy. 

The depth to which the soil is turned ujp, depends upon the 
nature of the sub-soil; it may be varied from six to eighteen 
inches, but in general from six to eight or ten inches will be 
fully adequate to any useful purpose. Preparatory, or fallow 
ploughinga. are made deeper than thoae for teed. The depth 
of go^ soil is usually veiy limited, and below this th^ plough 
should never go, or the manure will loose its effect; lime, marl, 
and other earmy manures, being very apt to sink. Experienced 
agriculturists deem it best not to ^ to the full depth of the 
good %oil oftener than once in eighteen months or two years, 
and upon the wdiole advise shallow ploughings. 

Very adhesive, stiff soils, whetlier clayey or tonmy, cannot 
be ploughed with any adi'antage while very wet or very dry, 
as the labour is in both states excessii'e; but such soils’are 
much improved by frequent plotightng. as it is the surest means 
of reducing them to that tine state which is favourable to the 
iirowth of plants. The phiughiiig of stiff and wet sods ought 
to commence early in autumn, and be repeated as often as the 
crops and season permit, if ihev have formerly been neglected; 
it particularly benetits them after the frost of winter has in a 
good degree expanded and broken up the clods, provided 
they be dry at the tiuir. and not otherwise; for if they hav*f 
become wet after the frost, ploughing will lender them ad¬ 
hesive or pasty. Wet soils take less harm under a summer 
fallow than those of a lighter kind, which may he loo iimch 
robiH'd of iiimsture by this exposure, and would be more im¬ 
proved by bearing a suitable green crop. 


ilxRBOWIKO. 

» 

The harrow is employed after the plough, Ist, to produce « 
more complete pulverixaiion of the soil; 2iid, to clear away 
weeds; 3rd. to cover the seed with soil. The weight of the 
barrow, and the length, position, and form of tne tine or 
teeth, must nee^rssarily be siicli us to produce these effects 
in the most perfect manner; but on the direction in which it 
is dragged over the soil, something w'iil depend. If after 
ploughing, the land is in a state so rough, that it i« fought 
proper to harrow it, the harrow may follow the same direction 
m the ploughs but if, after flits linil barrowing, weeds shall 
btve sprung up, they may he most effectually destroyed by a 
banoivyng which crosses the direction of the plough. To 
make the soil fine with the barrow, immediately after plough- 
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promotes the early vegetation of the seeds of weeds con- 
tamed in the soil, and therefore hastens the period at which 
they may be destroyed by a second harrowing. The teeth of 
harrows should be so disposed as not to fail into each others’ 
path. 

A lighter harrow than is necessary for immediately following 
the plough, or eradicating weeds, will suffice for cove ring seed. 
For thisjiurpose, the harrow is first made to take the direction 
of the ridges, then to cross them, and lastly to observe their 
direction again. To cross the path of the plough iiv the first 
instance, should never be practised, where the ridges are 
rounded, to avoid casting part of the seed into the furrows 


Hokin'o. 

« 

Hoeing consists in the eradication of weeds, and the dres¬ 
sing of the soil while the cron is growing. It is the applica¬ 
tion of garden culture in the large way. It i.s sometimes per¬ 
formed with implements designed for rnunual use, and some¬ 
times hv those to which a horse is requireil. 

A diligent svstem (d' hoeing is indi>pen.sable to good hus¬ 
bandry. It etiects the destruction of weeds ; the turning and 
comminution re<*eived hy the soil, inereascs the power of the 
atmosphere to ferti!i/.e it, and the plants being well •earthed 
up, vegetate with increased luxuriance. It is most frecjuenlly 
required by heavy suds, and should be jo rfornu d at sea''ons 
when they are only m a slight degr< e moist. On sandy soils 
it may be perf«>rnn‘d almost at any time, but in general the 
proper time will be in autumn ami spring; thus for wheat, if 
the first hoeing be given when the leaf of the crop appears, the 
soil will then be well prepareil to benefit by the winter’s frost; 
the second may be given in spring, when the hard fro.st and 
heavy rains are chiedy over: it will replace tlie soil which has 
been washed from the plants, and render them less liable to 
be laid; a third hoeing, if given at all, may be very slight, and 
postponed till the wheat is in the ear. 

Hand-hoeing is best adapted to grain-crops, which grow in 
lows very near each other; and horse-hoeing to those* crops, 
such as pulse, cabbages, and turnips, which nave cunsitlenible 
spaces between the rows. The shares of the horse-lide must 
always be made to take the spaces between the row.s i>f the 
plants to which it is used. Horse-hoeing is particularly sub¬ 
servient to the new or drill husbandry. 
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Bkoaocast and B«11.L HvaDANOltT. 

Three methods o( sowing seeds siti in generti use: 1st. The 
seeds mey he strewn by bi^ over the saHkee of the ground: 
this is called the broatKast tys/em. !^dly. The seeds may be 
drop|ied at equal intervals, and tn regular rows, by Uie action 
of a machine: this is the driil sysfem. 3rdly. Smalt, single 
holes may be made in the ground, and the seed dropped into 
them by baud: this is called dibbirng. 

The broadcast system of husbandry is the oldest and still 
the most common, although it has been proved by amfde evi¬ 
dence to require a much larger quantity of seed, and to pro¬ 
duce a crop which ripens later, and is inferior both in quantity 
and quality to the drilled. It requires considerable practice 
to strew the seed with a tolerable degree of evenness over the 
laud, under the most favoirnkble circumstances; but when the 
ridges are unequal, and the weather cold and benumbing, this 
will not be accomplished, and therefore the farmer is much at 
the mercy of accidents and of carelessness, which cannot be 
detected till it is too late. After having been thus sown, the 
seed is covered by passing the harrow over it; hut the cover¬ 
ing which most of the grains receive is so slight, that their 
germinartioti is apt to be checked by the w ant of moisture; if 
many grains fall near together, they will not all thrive, and 
file grain which escapes being covered, lwM:«nies a repast for 
birds. Auotlier disadvantage is, that ihe seeds are deposited 
at different depths, and therefore come to maturity at different 
periods. 

In the system of drill husbandry, no more aeed is committed 
to the ground than what ia likely to spring up. and the manage¬ 
ment is such as is calculated to bring we whole to maturity, 
allowing for incidental losses which cannot be controlled. 
In this first place, the seed or grain is put into the ground by 
means of a machine, called a drill, or drill-plough, which 
ensures three important objects: 1. The aeed is disposed in 
equidistant rows. 2. It is deposited at a fixed depth. 3. It is, 
ill any^iven portion of each row, nearly the same in quantity. 
From we first-mentioned pro{>«ity, the assistance of hoiue- 
hoeing between the plants is acquired. From Idle second, 
arises the uniform grosrth of the crop; and the depth at which 
ti^ ^seed is sown, causing it to be moister than if tl were ntar 
the sprfsce^ it sooner arrives at maturity, iasily, the distfi- 
Inifiimi of the seed is such, that the plants neither injure each 
other their proxuntty, nor is ground lost by the want of 
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a greater qaanticy of seed; whiie the land, by the use of 
horae>hoeiog, is left, after the harreat, in so clean a state, as 
to require no fallow. 

The distance between the rows in drilling, and the nearness 
of the seeds to each other in each row, must be varied accord¬ 
ing to the nature and Btate»of the soil, and the space which 
each plant requires. Nine inches between the irows, is an 
average {distance for grain-crops; for pease, tares, turnips, and 
similar green crops, eleven inches, and for beans eighteen 
inches. The d^tn nmy be about two inches and a half, ex¬ 
cept in very stiff clays, where two inches will he quite enough. 
The following table shews riie difference in the quantity of 
teed required per acre, for producing the largest crops, ac¬ 
cording to the broadcast and drill-system, on a soil of a 
middling or average fertility: 


KM of 

Qoutity per Here, 

Qtttntitr Te()aire<i per kcre, 

Mcd. 

if mwa brtMdc**!. 

if Miwn bv tbe diitl. 

Wheat... 



J'larley.... 

.14. 

.9 .. 

Oats. 

.20. 


Beans.... 

..17. 

.10 .. 

Pease.... 

.15 .... .. 

.« .. 

Tares.... 

.10. 


Turnips .. 



Carrots... 


9 

Rapeseed. 

.2. 

. 1 .. 


A natural impediment to drill husbandry is. a rugsred anv. 
stony state of the land, by which the action of the drill is de¬ 
ranged; and such land must be reluctantly consigned to the 
broadcast system,until reduced to a better state of cultivati<*n. 

CookeV drill machine, improvetl by Dr. Darwin, is one of 
the best machines of this kind in use. 


Dibbling. 

This mode of planting has the same object in view as drill¬ 
ing, vi». the saving of seed, by the regularity of distance and 
depth in committing it to the earth. 

in dibbling, after the land has been ploughed, harrowed, 
and also rolled if it be a very light soil, a man, having in each 
hand a staff about three feet long, pointed with iron, makes 
two holes at once, as he moves backwards, and takes care to 
keep successive holes as nearly as possible in a right line. 
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and ai regular diatancea. Two or more children attend him, 
and drop two, tliree, or four let^a into each hole, llieat tceda 
are aAerwards buried, by paaaing over the land alight barrow. 
This plan ia chiefly uaed for the lighter descriptions of soil, 
but may be practised with adrantage. to render the hroadcast 
system unnecessarv. for lands whicii are in too rough a state 
for thcT iiae of the drill. Wheat, pease, beans, and turnips, are 
often dibbled, and acorns generally. 

The expenditure of seed ts so small by dibbling, tWt three 
peels of wheat will serve fur an acre ^ whereas drilling requires 
almost three times that quaiititv, and broadcast nearly five 
times: the dniwhack upon this advantage is. that a great num> 
her of hands are required to get through the work ; hut when 
corn is at hit<h prices, the advantage wdli be in its favour, tn 
the vicinity of towns and places where the labour of women 
and children can be obtained at a low rate. It udinits and 
requires, like drilling, the practice of horse>hoetiig. 

Rotation of Cbofs. 

A variety of circumstances conspire to remler the alterna¬ 
tion of different crops an indispensable narl of successful 
husbandry. Some ctops appear to draw from the sail such 
liberal supplies of principles which can only be slowly com¬ 
municated to them again, that the soil is. with respect to such 
produce, exhausted, and the unintermitted succession of it 
would be unprtditable. Manure might rmew the fertility of 
the soil, but it is interdicted by the expense of supplying the 
quantity required ; a fallow would prepare it for another crop, 
but this introduces the expense of piotighiiig, while the land 
is unproductive. The most effectual means, therefore, of re¬ 
lieving a soil, and to obtain from it the maximum of produce, 
has been found to consist in a rotation of crops, which draw 
from the soil different principles, or very different propor¬ 
tions of tlie same principles. Thus white crops, vix. those of 
wheat, oats, &c. are extremely exhausting, but afterwar'Is 
the soil will bear a good crop of beans, turnips, or tares, 
probably the difference in the nourishment required by 
these fellow crops, is far from the whole advantage of them : 
the hoeing and harrowing they receive, may enable the soil 
to replenish itself from the atmosphere, while their shade, 
and me extirpation of weeds attending their culture, pre- 
yeoti waste. 

The following rotation of crops has been proposed by an 
experienced ^tcuUurist, where the turntps, pease, and 




beiins, are put in double rows an three feet ridges; eab> 
Vages in tingle rows of three feet ridges; and the whole hoed 
and cleaned with the utmost cafe: 


Clay. 

Turnips or cabbages 
Oats 

Beans and clover 
Wheat 


Turnips or cabbages 
Oats 


Beans ai)d vetches 
Wheat. 


Clayey Loam. 
Turnips* or cabbages 
Oats * 

Clover 
Wheat 

Turnips or cabbages 

Barley 

Beans 

Wheat. 


Hick Ijoams anti Sandy Loams. 
Turnips and potatoes Beans Turnips 

Barley Barley Barley 

Clover Pease Clover 

Wheat Wheat. Wheat 


Beans 

Barley 

Pease 

Wheat. 


fl'his rotation may 
be continued dur* 
iug pleasure.] 


Potatoes 

Barley 

Pease 

Wheat. 


Peat Earth. 

Light Land. 

'Turnips 

Turnips 

Barley 

Barley 

Clover 

Clover and ryegrass 

Wheat 

Clover and ryegrass 

Potatoes 

Clover and ryegrass 

Barley 

Pease 

Pease 

Wheat or rye 

Wheat. 

Wheat. 


When the soil has a chalky substratum, and for gravels, the 
same course as above given for peat earth is recommended, 
excepting that on the former, 10 acres in every 100 should he 
laid with saintfoin for 8 or lo years. 
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Of IHK CULTIJRK OF ESCVI.B?<T I*LANT8, HbMP, AKO FlAX, 
Fkvit and Timber Trees. 

^Yh€at. 

Wheat is of all {rniiH the most raluable. It i« a eciy hardy 
plant, snsiainin^ alike, without injury, the frosts of winter 
and the heats of summer. It delights most in a stifr, mellow, 
well puleerijted soil, and very sticeessfidiv follows beans, clo¬ 
ver, pease, or vetches. On very light soils, it is not profitable 
to cultivate it. 

The kinds of wheat chiefly cultivated in this country, are, 
the smooth or jmtteti trheut ; that w ith a roui;h or bearded ear, 
which is called rirrt u heat; and that ralh‘d furins^ trkeat, on 
account of the season in which it is committed t<» the ground. 
The polled wheat is the most general, and produces the tinest 
flour: hut the rivet wheat is the hardiest, and though it will 
not obtain so high a price, it is better suited to w'et clayey 
soils, or lands ne%vly broken uji. Spring wheat has not yet re¬ 
ceived much attention, hut the few experiments which have 
been tried, are favourable to its utility. It is found to ripen 
R8 early as otlu r wheat, where the situation is not very bleak, 
and is therefore extremely useful where much green food, such 
as turnips and tares, is raised for cattle during winter. It has 
a smaller grain, and is wortli ab<»ut one slidling per bushel 
less than other wheat. 

Wheat seldom succeed* well after potatoes, because this 
root is considerably exhausting to a sod, and reiidefs it light 
and porou-s; wheat also, after it, is particularly liable to be 
attacKed by insects. When this succession is adopted, the 
land shonld be of a stilf quality, and a large quantity of ma¬ 
nure should be used to the potatcurs. 

The proper season for sowing common wheal is towards the 
latter end of September, in October, or the beginning of No- 
vemVier; the earliest period mentioned being adapted to the 
heaviest lands, which it is difficult to sow at all in wet weather; 
and the latest period, for the lightest land, which cun scarcely 
be sown too wet. This grain, when in a healthy state, is known 
to be ready for reaping by the yellowness of the straw, and 
the plumpness and nardness of the grain: if there be any ap¬ 
pearance of blight, it roust be instantly cut, as the straw will 
never become yellow, but black, and the circulation of the sap 
cenatng, the grain will decrease. By cutting and drying it 
wdU iraile green, the wheat thus injured will ofWn prove toler- 
idbW good, and the straw will be tough and fit for thatching. 
The RiBut, which often proves fatal to wheat and otiber g^n 
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crops, appears to be occasioned by a peculiar state of the seed; 
from the seed, therefore, various attempts have been made to 
remove the infection,by steeping it in saline, alkaline, or actdu> 
lous fluids ; butrepre/fw/ washings and agitation in pure water, 
have been found oy J- Wagstalfe, of Norwich, fully as effica¬ 
cious as any other preparation. 

The thrashing of wheat, and all other grain crops, is most 
advantageously performed by machinery, to guard against the 
effects of idleness and other dishonesty, in the men employed. 
Machines may be obtained at various prices, from 40 to 100 
guineas, to be turned by horses, or a small stream of water, 
as may be required. 

liarhy. 

Barley is much less hardy than wheat. A rich, sandy soil, is 
the mosl favourable to it; on heavy, cold, clayey soils, it is 
raised with difficulty and hazard. l1ie more nearly a soil is of 
the clayey character, the greater pains should be taken to open 
and mellow it. The common or spring barley should be sown 
in March; in the southeni districts earlier; in the northern, 
later. The best preparation for this grain is formed by turnips, 
but any other ameliorating crop may he adopted, it should 
be sown when the land is dry, and if, in wailing for this, the 
sowing be late, the quantity of seed should be increased. 

The fwar or four-rowed barley, and the fog or six-rowed bar¬ 
ley. are winter barleys, and are sown in autumn, like wheat. 

Barley bears a wet summer better than wheat, but it should 
be boused very dr)% to prevent it from heating. 

Oiiti. 

Tins plant is hardy, and may be successfully reared upon 
almosteverj’ sort of soil, after green crops. Lands newly broken 
up from grass, afford most abundant crops of it. They may be 
sown in January, although the following month is a more pro¬ 
per season; March is not too late, but the earlier it is put into 
the ground, the sooner it will be ready for the sickle. 

There arc many varieties of oats, of which the most common 
and useful are, the uhite, the biack, the red, or broten, and the 
potato oat. The white oat is chiefly cultivated in South Bri¬ 
tain ; it is the most valuable kind, and vields the whitest meal, 
but requires rather a dry, rich soil. I'he black oat is nearly 
of equal value, for feeding cattle, and w ill grow on poor, wet 
land. The red or brown oat ripens earlier than either the 
white or black, and its grain is heavy. It is hanly, and lit for 
stiff* land. The potato oat is hardy and productive, and may 
be grown on almost any kind of soil. 




AORtCCLTUSS. 


eu 

Cditw* 9t f $*— fc wa k fc i 


Of rye there are two principa] kinda, the mnier or himk rye, 
and the spring or white rye* The hiaek rye ta the moat vaJu> 
able, and the moat commonly grown. 

Rye ia very hardy, and will thrive on aoila too light, dry, 
and sandy, for wheat and barley. U ia therefore aattaily grown 
on such soils only, exceptiitg where a large flock of sheep is 
kept; it then becomes useful to grow it fur the pasturage of 
the ewes, as it causes their milk to flow abundantly, and thus 
becomes of the first consequence to the nourishment of the 
lambs. The two kinds of rye are sown about the same time 
as winter and spring wheat. When grown for grain, it should 
be well freed from w eeds. 

Jhrk^whrat. 

Buck-wheat baa many valuable properties, which entitle it 
to more attention than it has yet received. It will grow ou 
almost any dry soil, but dehghta most in the dry and sandy; 
it should never be sown on wet soils. It scarcely requires any 
manure, exhausts the land hut little, and forms a good prepa¬ 
ration for wheat or barley. It is as valuable as barley for hogs 
and poultry, and a much less quantity of seed is required to 
Im sown ; a bushel per acre will serve, if it be sown broadcast, 
bat less than two pecks, if drilled, it should be sowm in the 
last week of May, but the time of sowing may be protracted 
till July with very htUe hazard, such being the rapidity of its 
vegetation, that it will be at maturity in little more than three 
months. As it is ant to shed its seed when ripe, it is advis¬ 
able to cut it with tne dew upon it. It is a very proper grain 
for sowing with grass seeds. It yields a white flour, but has 
no other resemblance to wheal. 

/Jeans. 

A clayey soil, or strong loam, rather wet, is tlie rnost favour¬ 
able to beans, but they may be^own on any soil intended to 
bear wheat, for which a crop of them forms, in general, per¬ 
haps the very best preparation. They are to be drilled or dib¬ 
bled ; and are sown from January to March, the Inter the more 
northerly the district. They reouire manure* Bean-straw 
makes f^od fcnlder, when cut to ebafl'. 

llie l^ans usually eaten at the table, are those called Sna- 
nisb and Windsor beans; the horse-hesn, from which all otker 
kinds flyri defined, has a higher stem than Uiese, and requirea 
father a attfler aoik 





AGRICULTOEE. 


635 


CnJuirg of p wMi B - >pM«tew. 


Peate. 

Tlie p«a sacceeds best on a dry, warm soil, rather light; the 
dryness it the most important circumstance, and it ought not 
to be deficient in the calcareous ingredient. Several varieties 
of it are cultivated, which ripen at different peri'^ds. The 
Charlton, or forty-dau pea, the goldin hotspur, and the common 
white, are called early pease, and are cultivated both in the 
field and in gardens; the Marlborough gra^, the horn gray, and 
the maple gray, are late pease. To cmlain a succeshion ol them 
green for the market, they are sow n upon land which has un¬ 
dergone an autumnal plonghing.at intervals of about a fortnight, 
from ihtf beginning of January to April; but for crops to be 
ripened, the beginning of Marcli is the proper sowing season. 
Pease do not retjuiri’ manure, and they ameliorate the land so 
much, that they are very proper either to follow or precede 
white grain. t*ray pease are generally idanted on the poorest 
[an(b Pease are oftt u sown on land new ly broken up, on which 
it is deemed unsafe to sow grain, on account of the worm. 


Potato. 

The better this root is knowm, the more it rises in estima¬ 
tion, ns an article of food for man and beast. It is planted by 
setting the small roots entire, or by cutting the large ones in 
pieces, reserving one eye or bud in each; but the rind only 
will produce plants as perfect as those obtained bv any other 
means. The varieties of the potato are numerous, fwirkpatrick 
states, that in Lancashire, more than twenty sorts of early po¬ 
tatoes are known, and more than half as many more of the 
later sorts: but the best precaution w hich can be given, in 
selecting them for seed, is to take tliosc which are the largest 
in siae, and the most agreeable to the taste. The sorts b^t 
known by name, are, the common kidney, the American kid¬ 
ney, the Aylesbury white, and the Altringham early white, 
all of which are fit for the table; the ox-noble, Surinam, 
lri.sh purple, Howard or clustered, and red potatoes, are for 
fodder. 

Potatoes may be reared on almost any soil, but they thrive 
the most, and have the best taste, when grown on light 
gravelly and sandy soils, neither very moist nor dry. Though 
not palatable to roan when grown on a clayey soil, they arc 
greedily eaten by cattle. Potatoes require a liberal supply of 
manure, and if the soil be naturally too stiff and close for 
them, the culture and manure should be such as to open it as 
much as possible; the long litter of the farm-yard is particu- 
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tarlv proper. Potatoes shoolil be driHed in March or April, the 
knell naving first been repeatedly ploQfrhed and harrowed, and 
while they are youn^j, they ahouldf in hoemp; bewetl earthed np. 

Potatoes are often exiensirely injured by the rar/, a disease 
in which their leaves shrivel up, and the cause of which, un¬ 
less a general elFect of a weak state of the plant, is not yet 
discovered. The In^st modes of guarding aguwist it. consist 
in using seed from distant districts, and in pronmltng the 
health of the root by careful culture. 

Turnips. 

Of the varieties of turnips, the most important sorts are, the 
round red or purpie-topfted, tlm green-(nppedAhv tehke-toftited, the 
yf//oip, the (ditcK or red-nmted, the stone, the Dutch turnip, and 
the Suredish turnip. All these sorts hav** Klobuhar roots, but 
there are othei sorts which have a loniri’^h cylindrical root, and 
are called tlie tap-rooted sorts. The Swedish turnip is the most 
hardy, and affonls excelleni food for cattle; but as it js of 
slower |;ro%vth, its seed f)ught to be sown earlier than that of 
other kinds. In very rich or heavy land, turnips are apt to he. 
rank, but the Swedish is least affected in this way. Dryish, 
chalky, gravelly, sandy, and almost all soils except elays, are 
fit for the ciiUivalifui of turnips; but the sect! from which iJiey 
are raised should be c haiigeil ut least every st cond year. I'he 
time for sowing must he regulated hy lie- use to be made of 
the crop. If the crop be wanted lor feeding cattle from De¬ 
cember to February', the seed must In* committed to the ground 
from the middle of May to the end of June ; hut if the food he 
wanted in May, the latter end of July, or early in August, will 
l>e soon enough for the seed to he sown. The scimI is drilled. 
Munning*s tumin drill, and that hy Knight, are both excellent. 
The plants should be hoed and thinnecF once or twice in the 
course of their early grow ih; they should be left at last about 
12 or 14 inches asunder, and kept well freed from weeds. They 
require the land to be enriched by manure. To deposit the 
seed when the ground is moist, is of .so much consequence, 
that the drill machine is often atlacheil to the plough, to jper- 
form the ploughing and sowing at once. Turnip# leave faod 
clearer oi weeds than any oUier esculent crop. 

Carrots. 

Carroti delight in a warm, light, landy loam, and require a 
deeper; soil and deeper ploughing than any other plant; the 
soil iJi0ttid be at leant a foot deep. If the land be not 
ciently lif^t in itaelf, or thomughiy opened by the piongh, the 
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roots will divide into branches, instead of striking; downwards. 
They must not be manured, as it would be liable to rot them. 
The seed should be sown about the middle of March. The 
{dants should be from hfteen to eighteen inches apart. Cajr» 
rots form excellent food for all kinds of cattle; one acre is 
equal to two and a half of turnips. 

Parstiip*. 

Parsnips are well entitled to the farmer’s notice. It is the 
garden parsnip %vhich is cultivated in the field. They are more 
lianly than the carrot, vihile their roots, which are similar in 
shape, are lar|^er, equally nutritious, and as wholesome and 
agreeable both to man and beast. They may be raised on 
amiost any deep soil, except gravels and clays. They require, 
like the carrot, deep ploughing, and the seed should be sown 
in autumn, just after it is reaped, which will generally be in 
September: this season of sowing is pitched upon, in order that 
their growth may precede the growth of weed.s; hut it will per¬ 
fectly answer to sow them in Fe!»ruar\\ The severest frost will 
not destroy the seed. In a rich, friable soil, they require no 
manure. The drills should be eighteen inches apart. Cattle 
prefer parsnips to potatoes, and cow s fed on them in w inter,give 
an e.xtraordinarv quantity of milk. Parsnips require careful 
hoeing, and should be earthed up, to make them luxuriant. 

Calihtigts. 

Where the soil is too compact for the profitable growth of 
bulbous and tap-rooted plants, the farmer lias an invaluable re¬ 
source in cabbages, which, on stiff soils, wall grow extremely 
well. They supply a largo qtiantiiy of palatable food, and are 
reared with great facilrty. Of the various sorts of cabbage, fit 
for field culture, the Scotch graif, the oj^n green or stpring kale, 
and the lun>ip~rooted, are the hardiest. The ploughing for them 
should be rather deep, and the soil well loosened. The newest 
seed should be selected; the time of sowing must be regulated 
by the season at which tlie crop is required to be eaten off. 
By sowing them at intervals of a couple of inontlis, from Fe¬ 
bruary to August, a useful succession of crops will be main¬ 
tained. About half a pound of seed will produce a sufficient 
number of plants to stemk an acre by transplantation, w hich is 
favourable to their growth. The distance uetween the plants, 
when left to attain their full growth, may be about three feet 
by two, more or less according to the sixe of the sort planted, 
i^^ns are often intermixed wnth cabbages, as a protection to 
them from the caterpillar, and a top-dressing of soot is used 
with the same view. Cabbage lands require manure. 
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Rope, or Cole. 

This plant is reckoaeci by botaniiits a species of cabbage, 
but it does not fonxi a close bead, it is coltivated for the green 
food erbicb it alfords for sheep in winter, mud for its seed, which 
by expression yields an oil called rapeseed oil. For green food, 
it mm;^ be sown in June and July, and comes in most season^ 
ably, if the frost prevents turnips from being taken up. When 
planted for seed, it is sown in August: the severest frosts do 
It no injurv. it m^ be planted, like the cabbage, in l>ed«, 
and transplanted. The produce is by far the most abuntiant 
from heavy land. In reaping it, great care should be taken 
not to shed the seed; also to select fine weather for tliis opera¬ 
tion, and to accomplish it with rapidity, as rain would be fatal 
to the success of tne harvest. 

Hemp. (Cannahii utiita of Linnaeus.) 

The growth of hemp cannot be attempted with anv hopes 
of success, except on a soil naturallv of the richest kind, and 
which can be further improved by ahiindance of the best ma¬ 
nure. A deep, black, putrid, vegetable soil, and a low, warm, 
rather moist situation, are particularly farourable to it; the 
more the soil inclines to a sandy loam, the greater is the Quan¬ 
tity of manure ivhicli will he necessary; but on the best land, 
it IS recommended tt> lav from lo to 20 three-horse cart-loads 
of manure per acre. Afiotii ten |»ecks of seed p«‘r acre are re- 
nuired, ana sown broadfeast, because from the rank growth of 
tiiis plant no weeds disturb it. and no after culture is required; 
but to balance this advantage, it returns nothing to the farm¬ 
yard. As It is pulled op along with the root, it leaves the 
land very clean, and is a good preparation for grain crops. 
English hemp is reckoned superioe to foreign. 

Flos. {Uttum of Unnseus.) 

Of common flax, as of hemp, the^bres which arc so useful 
in the former for linen, and in the latter for cordage, lie be¬ 
tween the wood and exterior coat or bark of each stalk, and 
are obtained by steeping and beating. Its seed la called fm- 
teed. It requires a soil and situation similar to barley or mifti. 
A very rich soil causes it to be rank and coarse, and it dlso 
auflers from great wetness or drought. It is cmltivated as well 
after grain as after green and root crops. Riga teed is most 
aateemed, and about two bushels are required Ibran acre. It 
is sopn W drilling, at a very alight depth, and Itoetiig ta ra- 
qair#i» rrom the middle or Marah to 6ie iniddte of AfHril is 
ime soiriiigaeaaeai, and by tike end of July ovniddie of Auguat 
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it in rend;^ for puUing^an ope ration which should always be 
perforuuiti before the leaves fall off, when the stalk begins to 
turn yellow, unless it is to be reserred for seed. It may with 
great advantage be succeeded by a crop of clover, turnips, or 
wheat. A top-dressing of soot is used to destroy insects. 

I fops. 

The hop is a valuable but delicate plant; it is grown for the 
sake of Its flowers, which form tlie hops of commerce. To cul¬ 
tivate it with success, rei^uires extreme care, considerable ex- 

{ lerieiice, and a large capital. Yet perhaps of no plant is the 
larii’est sp precarious, from an unfavourable season, and the 
ilepredations of insects. The cost of cultivating it is reckoned 
at jDsO per acre for the first year, and at £40 for subsequent 
years. There are several varieties of it, as the red Inna, the 
grcivi inml, and the u hite hind, of which tlie first is reckoned the 
most hardy, but it is the smallest. 

The hop requires a rich, vegetable soil, with an under stra¬ 
tum of rock or clay, rather «lry than otherwise, and sheltered, 
in some measure, from north and north-easterly winds. A 
chalky sod is most improper for it; and those plantations 
which are near the sea, are found to be soonest injured by 
mildew. It is propagated by nursery plants, or bv cuttings. 
The.ste are planted in little hillocks, usually called hills, formed 
by digging a hole 12 inches deep, and Id inches in diameter, 
and filling it up with fine mould, mixed with manure and the 
origin.'il soil. In the centre of the fiill is set a single plant, 
and round it half a dozen others. The hills are almut eight 
or nine feet asunder. Cuttings are set in February or March; 
but sets, or nursery plants, in autumn. In Apiril, if the season 
be favourable, the binds require tying to poles which are struck 
in the earth. About midsummer they are pruned, and the pro¬ 
duce given to cattle. In September they are usually ready for 
pulling. Chesnut is reckoned to make tbe best poles, ana ash 
the next; the poles are frpm 18 to 24 feet in lengui; three poles 
are sufficient for a single hill, or two poles wn ere the plants 
are vigorous. The large poles are not required iill the first 
winter after the plantation has been formed; and it is advis¬ 
able not to take any produce the first year. A free circulation 
of air is necessary to the health of hops. 

Fruit Trees. 

Of Uie fruit-trees which come to perfection in the open air 
of this conntry, the apple is the moat useful, and the only one 
extensively cultivated. In Worcestershire, Herefordshire, Pe- 
vonshire, and some other countries, wheie it is grown for mak- 
63.—VoL. n. 4 M 
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in^ cider, it often forms one of the fanHier’s most imnortnnt 
•bjecta. Although the varieties of this fruit are numberless, 
and often nameless, they are all supposed to have originated 
from the wilding, or common crab-apple, and in raising ihera 
for the orchard or the field, crab-kernels yield the best and 
most hardy stocks. The apple wilt succeed on most soils 
which are not very wet. Clayey soils produce the apples from 
which the best keeping cider it obtained, hut the yaltiable 
table kinds, such as the golden pippin, delight most in a deep, 
lig^ sandy soil. 

Ahe metliod of propagating the cider-fruit trees in Hereford¬ 
shire, is by grafting. Very large, and even old trees, may be 
grafted so as to bear fine heads of other sorts ; and thus (hey 
will produce a crop of fruit more ouickly than by any other 
method, h'ew orchards arc raisco by planting well-gro%vn 
crab-stocks, and grafting them after the second year. In 
transplanting the stocks, which may be done in autumn, they 
should not be set tleeper than thev originally grew. 

The apple-trees in an orchard, should not stand nearer than 
thirty feet. They frequently rcqiwire pruning, and arc often 
ruin^ by the injudicious mode of pertorming this operation: 
the tree should he left more compact than it usually is, by 
lopping the extremities of the branches, which should not be 
left bare, but reduced in number, so as not to crowd one an¬ 
other, rather removing a branch entirely, than leattug meredy 
a toft at its extremity. The apple blossom is exceedingly apt 
to be iniured by the frosC and by insects, which feed upon tlie 
heart of it; bat an insect called the American bug. which 
feeds upon every part of the tree, and has the appearance of 
a white efflorescence, has of late years produced most exten¬ 
sive mischief; if not soon eradicated, it inevitably destroys 
.he tree npon which it fastens, and it is very difficult to de¬ 
stroy ; greasy substances, p^tcularly goose-grease, have 
proved the most effectual application, rubbed on wherever it 
IS observed. 


One of the easiest and best means of preserving apples 
through the wigter, consists in putting them into Imrrels of 
dry sand. 

pear-tree is still more hardy than the apple-tree, and 
may with stiil greater ease be raised in almmit any aituation, 
not very wet. As it sprows much taller Uian the apple-tree, it 
rvqntres at least a dounle space of ground. Pear-trees are pro¬ 
pagated by engrafting, ana bj budding upon free stocks, that 
IS, aiocks that have been raised from seed, or upon qutnee- 
stoeka, Tlie pears which are the best for making pei^, am 
estfansely bnali alffl unpalatable in their fireidi atata. 
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Timber Trees and Coppices. 


It it a material object in planting timber trees, to suit the 
tree to the situation and soil, so as at once to obtain a thriving 
produce, without making any uncertain sacrifice to obtain it. 
Thus, it trees which rise to a great height, and overshadow 
much ground, l>e planted in the hedges of low, moist situa> 
tions, they will hinder evaporation, and at critical periods 
most injuriously prevent tlie free circulation of air, and the full 
action of the sun s rays upon the land, in consequence, lessen- 
ing the produce of fields incomparably more tlian their value 
will ever recompense; but when properly situated, trees are 
too important a source of wealth to be m^lected. 

The season for planting commences in October, and may be 
continued througti the winter, while there is no frost. In 
transplanting trees, the north side should be marked, and each 
of them should have the same aspect in its new situation as 
before, or its growth will be checaed. 

Single trees, in fields or fences, will not, on an equal soil, 
growso rapidly, iior,when at maturity, be equal in bulk to those 
in plantations. The cause of this appears to be their full ex¬ 
posure to the winds; and as a confirmation of this opinion, it 
IS remarked, that the outside trees of plantations are more 
stunted than the central ones. This being the case, it evidences 
the propriety of not uunecrssariiy lengthening plantations; a 
circle has the least surface of any figure for its area, and the 
more nearly the ground-plan of a plantation approaches to a 
circle, the fewer will be the number of outside trees. 

The oak is luxuriant in hilly situations, where there is a 
moist loam, or rich black soil. It-is propagated generally from 
aconis, of which from four to six bushels are used upon an 
acre; seeds of fnrze are sown along with the acorns, to protect 
the young plants from cold winds and rabbits. Young oaks 
may be transplanted in their fourth or fifth yearthey may be 
two or three times transplanted, if the tap or principal root be 
cut off at each removal; nut the hardiest trees are those which 
grow where the acorn was deposited. 

The beech ia also raised from seed j it delights in a calcare¬ 
ous or chalky soil, and bears the sea air letter than other 
trees. In exposed situations, Scotch firs are planted to shel¬ 
ter the beech, and afterwards cut down. 

The dm is usually propagated from sffed, or by suckers 
taken from the roots of old tre^. It grows tlie quickest on a 
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li^ht »uii. but producer the clotteni and beat wood on stiir 
Moat kiuda of cattle eai^rly eat iu teavea, and it doai 
not destroy the rraas among which it ^owa. 

The larch will grow in almost every hind of soil and lilna* 
lion, and will even Nourish where most other trees can hardly 
live, provided its roots can penetrate to a sufficient depth: cold 
gravelly soils particularly favour it. It is propagated from 
seeds put into bght earth, and is transplanted at the end of two 
years. It should never be omitted on estates fit for it, as it is 
of all the resinous trees the most valuable, and perhaps makes 
a greater return than any other tree. For the first three or four 
years, it grow s slowly, but when 20 years old. its girth exceeds 
that of a fir-tree tw ice its age j and in 24 years, it is from 00 to 
(JO feet high. It should be felled in July. The larch is an 
excellent nurse to more lender trees. Its bark may lie used 
instead of oak-bark in tanning, and forms as durable leather, 
while it is softer and belter coloured. 

The Scotch fir requires a light sandy soil, on which it 
fiourishes, however poor; iu a black soil it becomes diseased, 
and perishes on a chalky one. It is propagated from seed, 
the plants from which are transplanted at Uic emi of four 
years; the tap root should be carefully preserved from injury, 
or the tree will remain a dwarf. It grows the most rapidly, 
and attains the greatest height, on the north and cast sides of 
hills. 

The birch and haxel may be grown in almost any situation; 
the ash, which, from the early value of its wood, should never 
be forgotten, suits a light, rich, calcareous soil; the poplar is 
most luxuriant iu nun^t situations, such as the lianks of rivers; 
for wet, marshy land, the w illow is admirably adapted, and 
though the first expense of planting it is considerable, in two 
or three years it begins to make a return, and as the planta¬ 
tion increases in value every year, the produce soon becomes 
verv important. 

The kind of trees to be planted for coppice or underwood, 
will depend very much on the local demand; for the planter 
will generally find a near market the best, as the charge of cat- 
flage, for any considerable distance, on an article so bulky, 
proves very destructive to profits. In fourteen years, cop¬ 
pices are generally fit for cutting; the period, however, for cut¬ 
ting them must principally l>e determined by the use for which 
thoy required, ana must be deducted from a calcnlaiton of 
the difference of interest that will be received, according to 
timaa wMch they are allowed to stand. The i^son of fielltng 
usually cdBinences in November and is contiiioed to the end 
of March* hut lub?*”, except for trees whidi am to he 
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barked, for which May is the best month. The oldest wood 
sfiould be cut the latest in the season. 


Of Live Stock. 

Honet. 

The improveiijentft which have been recently made in ac^ri- 
culture, are remarkably conspicuous in the feeding of cattle: 
economy in the feedinj^ of live stock has been introduced, 
while a superior degree of fitness in the animals for the pur¬ 
poses requireil of them, has been obtained. 

When com is given to horses, they swallow a great part of 
the grains entire; hut as their stomach will not act upon grains, 
the husk of which is unbroken, the nnmasticated part contri- 
• bates nothing to their nourishment. No farmer should there¬ 
fore be without a machine for crushing corn, by the use of 
which any given quantity will go at least one-fourth further 
than uncrushed grain, (iround grain does not answer. The 
cnikhing machine, as usually constructed, consists of a wooden 
frame, on the top of which are two fluted cylinders of cast-iron, 
about twelve inches long, five or six inches in diameter,* and 
on their circumference, in the direction of their length, about 
six flutes in the inch. The fluted cylinders, by the assistance 
of wheel-work, are turned by one handle, and are so near to- 

g ether when in motion, that every grain of the corn, which falls 
etween them from a hopper placed above, is crushed in pass¬ 
ing down. The,wooden frame is hollow, to receive the pre¬ 
pared grain. A fly-wheel is added to assist the working. 

The practice of soiling horses, instead of turning them to 
grass in summer, is another very excellent means of reducing 
the expense of keeping them, without impairing their condi¬ 
tion, or capability of working. In the pasture, their dung is 
of no yaliie, but if plentifully"littered, and daily supplied with 
Ittcem, tares, clover, saintfoin. and other nounshihg grasses, 
the manure they supply will almost balance the expense of 
their food. Winter tares should be more sparingly used as 
the summer advances, as when they begin to rot in the ground, 
they arc unwholesome. Turnips, potatoes, and carrots, also 
afiford horses very nourishing food, and are much used in win¬ 
ter, when green food cannot be obtained. If these root.s be 
eaten raw, a little com should be allowed, in a busy, working 
season; but if boiled, corn will scarcely ever be necessary, 
and chaff may be mixed with them. By means of a steam- 
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apparatus, the boiling; is easily majiaged to anjf extent. Thick 
and broken-winded liorses. fed on carrots, will, it is said, re¬ 
cover, if curable. Where fume is grown, the use of it makes 
a valuable addition to the food of nortes. Hay always goes 
the furthest when cut into chalf. 

The horses best adapted to the general pur|»o»e» of agricul¬ 
ture, are nrtnpipally of three hreecla, vi*. the Cievefauii 
the Sufom puHchei^ and the (Sl^dMak horses. The Cleveland 
bays are most common in Yorkshire, Durham, and Norlhum- 
belrtand; they arc large, active, hartiy, strong, and rather ele¬ 
gant in their form. The Suffolk-punches which are common 
in the district called High SuHbik, have an inelegant form, and 
are not large, but they are hardy, strong, and persevering. The 
Clydesdale horses, which are common in ine district of the 
Clvde, in Scotland, are of a good size, active, hardy, and being 
light in their form, are well suited to billy countries. 

ft 

Oriw and neat Cattle. * 

The question, whether it is more beneficial to keep horses 
or oxen, for agricultural labour, has been much contested, and 
is not yet decided. The objections to the home are the ex¬ 
pense of breeding and keeping him, his progressive declension 
in value, and the worthlessness of his carcase at last; hut the 
facility with which he executes every kind of draught, the su¬ 
perior activity of all his motions, the epreater number of hours 
which he can work in a day, and the less liability of his hoof 
to injury, which is of moment on stony soils, are advantages 
of great consequence, which he has over the ox: the food of 
the ox, however, costs very little; grass, str%w, and occasion¬ 
ally a little hay, when haitf wrought, is all that he requires; he 
wifi draw the plough on billy land, and a tough, clayey soil, 
where the horse will scarcely move; and can at any time be 
readily fattened. Oxen which have been worked, are more 
prized by graziers than other oxen, as they fatten sooner, and 
^eir bek has a finer flavour. Whatever, tlierefore. may be 
hereafter the fate of the general C|aestion. we observe, 
that on the kiiig^s farms, in the neighbourhood of Windsor, 
oxen have been found to answer so well, that not a horse it 
now kept.* Upon the two farms, 200 oxen are kept, tncluding 
those coming on and going ofiT; 40 are bought in every year, 
riaing three years, and are kept as succettion oxen in the park; 
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120 are under work, and 40 every year are fatted off, rising 
seven years. The working oxen are divided into teatns of six, 
and one of the number is every day rested, so that no ox works 
more than ftve days out of seven. This additional day of rest 
every week, is of great advantage to tke animaj, as he is found 
to do better witli ordinary keep, and moderate labour, than he 
would do with high keep and harder labour. In short, this 
is tlie first thing to leant concerning him; for an ox will 
not admit of being kept in condition like a horse, artificially, 
by proportionate foocl to proportionate labour. These oxen 
are never allowed any corn, as it would prevent their fattening 
so kindly afterwards. Their food in summer is only a few 
vetches, oy way of butt, and the run of coarse meadows, or 
what are called kmowf, being rough, woody pastures. In win¬ 
ter, they have nothing but out food, consisting of two-thirds 
hay, and one-third wheat-straw; and the quantity they eat in 
twenty-four hours, is about 24 pounds of nay, and 12 pounds 
of straw. On the days of rest, they range as they Hke in the 
straw-yards; fiir they are not confuted to hot stables, but have 
open sheds, under which they eat their provender, and are 
generally left to their choice to go in or out: four of them 
generally plough an acre a day, and do other work in propor¬ 
tion, Tfiey are worked in collars, which are preferable to the 
yokt ; and they are trained by having a strap put round their 
necks, with a cord fastened to it, to which is attached a log 
of wood ; this they draw up and down while at pasture, for 
thrt:e or four days before they are harnessed. 

I'he breeds or varieties of neat cattle, are more numerous 
than those of horses, because these animals yield much sooner 
to difference of soil, situation, and keeping; but the long-horned 
sort are the most common, and the breed of them is better in 
Leicestershire, and some other counties, than in Lancashire, 
which is accounted its native district. Some breeds are re¬ 
markable for their disposition to fatten quickly, others for the 
quantity of milk which they afford; the diflerence in their size 
is very considerable, and the quantity of bone in breeds of the 
same size is remarkably variable. The best general rule which 
can be ^ven, with resnect to stocking an estate with cattle, is 
to suit tiiem to the soil, by duly considering on what soil they 
were bred. Thus, as an experienced writer on this subject 
says, ** every kind of pasture is fitted to raise animals to a par¬ 
ticular size. When beasts of a larger size are broSight in than 
the quality of the food is calculated to sapport, these animals, 
whether cows, horses, or sheep, or any other kind, will dege¬ 
nerate apace, and never prove useful until they come down to 
that standard or size adapted to their situation, and suited to 
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their food. On the other hand« when a tnifiller breed IhAn 
ordinary is brouglit in, they continue to increufte in bulk, un¬ 
til they come up to the pitch whidt t» suited to their iiouviiih- 
ment. But there is Utis remsrkibie difference betwiit these 
two progressions, in respect of profits, that in the retrograde 
proposa, when animais are brought from rich pastures, and a 
comfortable situation, to the reverse, they are in every instance 
worse than the indigenous breed; whereas, the animals which 
are brought from worse to betti-r. continue to improve, until 
they arrive at that perfection %vhich the change in their situa¬ 
tion is calculated to produce.'* 

In the form of neat cattle, short tegs, a small dewlap, a titin 
neck, a straight buck, and broad loins, a sleek skin, a small 
and clean head, a deep chest, a capacioun udder, with large 
dug-veins, are the charactertsttcs to be sought after, and to 
be combined in the most eminent degree. 

The more*coinplete!y animals are preserved from irritation, 
and disposed to take rest, the more speedily they come to 
maturity and fatten; hence the advantage of soiling in sum¬ 
mer, and stall-feeding in winter, on account of the rapidity 
with which they fatten, besides the advantage of tliese prac¬ 
tices for converting the whole produce of laud into useful 
food, instead of a great part of it being trampled down or neg¬ 
lected by the animal, or burnt by the excess of dung fulling 
on particular spots. In soiling and stall-feeding, the animals 
should l>e furnished with small portions of food at once; the 
stall should be cleaned, and supplied with fresh litter every 
morning. Green food is found to go at least three times as 
far by toe practice of soiling, and, in some experiments which 
have been made, six times as far. as when eaten off the field. 
The quantity of manure produced by this means m also very 
great. 

The value of a cow, as a milker, should be determined, not 
so much by the quantity of the milk, as by the quantity oi 
cream which it affords. Animals which have a strong propen¬ 
sity to fatten, do not yield the same proportion of rich milk, 
as when this is not the case; and large animals generally con¬ 
sume a larger proportion of food than small and middle-sbed 
breeds, for the quantity of milk they afford. 

n 

Sheep. 

The Inweda of sheep require, like those of neat cattle, to 
be adapted to the soil and situation where toey are kept. Hie 
most^Menmon breeds are, the new LeieeiUr or IH$hk]^ breed; 
tfiitt IWTe long wool, no horns, baitel-shaped bodies, small 




AGRICULTURE. 647 


Livt^odk.—SlUwp. 


bones, a disposition to fatten early, and are inaintained on 
poorer pastures than others of the same size- The Teei'^rater 
brted or sheep is larger than any other, and the ewes mostly 
bring two or three iamb^ in a season, but it is only adapted to 
soch situations as those on the borders of the river Tecs, where 
the pastures are highly fertile, inclosed, and warm. For bleak 
and very mountainous tracts, the black~facedt or Scotch sheep, 
are best suited; for though they are small, and their wool 
coarse, tiheir flesh is sweet, their hardihood astonishing, and 
the most scanty food supplies their necessities. There are 
also the Lincolnshire and the Romney-marsh breed, the Dart¬ 
moor, the Exmore, the Dorsetshire, the Herefordshire, the 
*iouth Down, and the Merino or Spanish breed, and many 
others. 

The smaller the number of sheep kept together, the belter 
they are observed to thrive, and the less their disposition to 
break through fences. 'I'o improve a breed, the hnest ewes 
and rams should be selected ; and the ewes should always be 
two years old, although in common cases they need not be 
more than eighteen months. The lambing is generally con¬ 
trived to be ill March, or early in tlie following month, and 
the greatest difficulty, attending this kind of stock, is to sup¬ 
ply, at this season, a sufficient quantity of nourishing food; 
for if the growth of the lambs be checked, the mischief is in¬ 
curable. The rouen, or after-grass, which is left to grow from 
autumn till thin time, is the most extensive and valuable re¬ 
source, as It is much relished, and very wholesome. Ten ewes 
and their lambs may be supported throughout April upon an 
acre of it. Turnips afl’ord another seasonable supply, which 
is found to increase the quantity of the milk of the ewes; it 
is useful to give a little hay along with the turnips. Irri¬ 
gated meadows are almost certain to supply abundance of 
nourishing herbage against this season of necessity. 

Previous to the shearing, which usually takes place in June, 
the sheep are taken to the bank of a running stream, and 
washed; In a few days they become <lry, and are ready for 
shearing, which has been nsually performed by advancing the 
shears in a longitudinal direction ; but the best practice is now 
found to be, to pass entirely round the body of the animal in 
successive rings. By this means, the clipping is more closely 
and uniformly performed, and to secure these objects is of 
consequence, not only to the weight of the fleece taken off. hut 
to the rapid and early growth of the subsequent one. 
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Svine, 

Swine consume lArpre ^itantitie« of food which would be of 
no value for smy other kind of live ii<}ck; Mid as they are ex¬ 
ceedingly prolife, and rapid in their growth, they may, by mo- 

C er management, become an important aoorce of profit. 
reeds are of various kinds, which differ much in sixc. When 

f iroviston of the best kind can be supplied in abundance, th 
arge kinds may be kept; but where it is scanty or coarse, the 
soulU kinds wilt be most suitable. As the sow has two litters 
in the year, at the distance of from four to five mouths, care 
ahouid be taken to have both in warm or temperate weather, 
as in April and August; winter litters are not worth rearing, 
from the attention required to nurse them. Clover, and all 
similar grass-crops, potatoes, turnips, and other root-crops, 
buck-wheat, pease, bemns, acorns, oatry-wash, the refuse of 
distiileries, breweries, starch-works, onal, and refuse of all 
kinds, will rapidly^fatten these animals. When com is em¬ 
ployed to prepare them for the market, it should be ground 
into meal, and mixed with water. 

The practice of soiling swine is found highly advantageous, 
from the large quantity of valuable manure which it produces, 
and though proverbially the dirtiest of all animals, cieanltnt^ss 
is eyeatly condumve to their health and growth; warmtli also 
ia beneficial to them. 


Povkry. 

Ponltry are more or less a parliof the stock of almost every 
farm; but to what extent a profitable part, is a question not 
easily answered. They require considerable attention, and if 
allowed to roam at large, they damage young hedges, and eat 
the seeds just committed to the earth, while many of their 
eggs are lost. 

A full-grown, well-fed hen, will supply about 200 eggs io 
twelve months; but 10 or a dozen are all that she catr rear at 
a time. Smoke is said to be very congenial to these birds, 
because large quantities of poultry are reared in the smoky 
cottages of Scotland and Ireland; probably the warmth and 
dhyaesa is mote essential. Too high feeding is as tnjarious to 
them «s the contrary. It is necessary that they should have 
acceM to grass, gravel, wad clear water: if fed with boiled po* 
tatoes. they will require no com. 

Tndteye are valuable and delicate food, though they require 
still mote care than common fowls. The fineM breed of the 
k^ltgdoili is thiU of Norfolk. In that county they are fed ehiefiy 
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on oucK-wheat, and the diyness of the soil is considered very 
favourable to them. The female has seldom more than one 
./rood of about a dozen chickens in a season. The young are 
fed at first %vith bread steeped in milk, afterwards with boiled 
potatoes and barley meal. Turkeys, if plentifully supplied* 
are too voracious not to eat as much food as they can digest* 
and it is only what they digest that will contribute to fatten 
them; the practice of stuffing them, is therefore not only 
cruel, but absurd. Access to sand or gravel is necessary for 
them. The dead weis^^ht of a turkey may be reckoned at two>> 
thirds of its live weight. 

Ducks are more indiscriminate feeilcrs than any other kind 
of poultry; acorns, caterpillars, snails, the entrails of other 
animals, and almost cvi'ry kind of filth, contribute by turns to 
their repast. It answers best to keep them where there is 
W'ater for their aquatic excursions, and they reouire sond. If 
turned into cabbage and turnip fields, they will do consider¬ 
able service, by the extermination of insects. Their flesh is 
the most wholesome when tJiey receive much grain, boiled 
potatoes, a( t>m». and othee vegetable food; \% hen fattened on 
animal food, their flesh resembles that of the wild-duck. The 
female need never be allo%ved more tlian ten or a dozen eggs 
for one brood, and food and w’ater should be provided to pre¬ 
vent her leaving them. 

The goose is probably tlie most valuable of all domesticated 
birds. The mos.t abundant flocks of them are kept in the fens 
of Lincolnshire; they are there plucked five times a year lor 
their feathers, and tivioe, oral most three times, for their quills. 
The goslings are not plucked till about fourteen weeks old, 
and only for feathers at that age. When properly plucked, 
and welt fed, they are more healthy than if tneir feathers were 
allowed to drop bv moulting. Geese seldom hatch more than 
one brood of eight to twelve in a season. A nest of straw 
should be provided for them, contrived so as to prevent the 
eggs from rolling out, as they turn them every day. They sit 
for about a month* and during that time, require considerable 
attention in supplying them with food, water* and sand. In 
fattening them, they should have exercise, or their flesh will 
be unwholesome, and it is found the best means to hasten the 
period of ^eir being fit for market, to give them variety of 
food, such as boiled potatoes, chopped carrots, and the herb 
dttck’s-meat. mingled with bran, with the run of grass and 
stubble-fields. Under this treatment, they will sooner be 
ready* than if cooped up in small, dark places, a plan which is 
sometimes tried witli the same view. 
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Or THE Daikv. 

Cows wbtcli a^ord the largest quantity of milk, are not al 
ways the most suitable for the supply of the dairy, but those 
of which the milk mflorcls the largest qnautity of cream. The 
Aldemev cows have long been esteemeti for the ricfiness of 
their milk ; but us they are delicate, and only suitable for rich, 
warm pastures, they are not c ommonly kept. The farmer, 
therefore, who has a considerable proportion of suitable pas¬ 
ture, will find it Lis interest not so much to depend on any 
particular bnt ed as upon his own management. Ue should 
purchase, at fir.st. the bent of the sort which he knows will 
suit the soil ami situation oi his land, and rcfterve the offspring 
of those w hich he tiiids to be pecuharly productive. But after 
a valuable breed of milk-cows is obtained, much will depend 
upon the conduct of the milker* ; none but those who cun lie 
depended upon, should be employed; un artful miUhu ss of 
management, with a soft bund, and gentle touch, will render 
the 0 |>crauon of milking ugreeabh? to the cow. the mtlk will 
freely run to the U»t drop, anil it will not only be the surest 
means of improving the (quantity drawn at any one tmic, but 
of securing its continuance; while if, either from accident or 
want of skill, a part of the milk b«* constantly left in the udder, 
the cow will eventually be rtmdered dry. It should also be 
observed, that the milk first drawn is the poorest, and that it 
continues to improve to the last drop the udder contains. Of 
the milk drawn at dilferent lime# of the day, tliat of the even¬ 
ing is the richest. It is usual only to milk cow* twice a day; 
but in summer, when they have abundance of succulent food, 
it is advantageous to milk them three times. A strong predi¬ 
lection is entertained in favour of old pastures, for cows; clover, 
vetches, lucern, and oilier nourishing green food, should only 
be given them on the plan of soiling, as they would trample 
down in the field twice as much as they would eat. In winter, 
it is too expensive to feed them with hay, hut cabbages ought 
to be in readiness for them, and may be mixed with attaw; the 
hemda only should be given them, the loose decayed leaves 
being taken off for lean stock. 

The situation of a dairy should be shady, though not close, 
as the purity of the air is of great consequence. Its windows, 
or latUces, should never front the south, the south-east, or 
soolb'^ifest. Every utensil should be kept scrupulously fresh, 
neat, msd clean ;^c vicinity of a brook, or a pien^ul supply 
<^pQxe water froin some quarts, is iodii^eiisabie. *1^ ntensiu 
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should be of wood, and the trays, or those vessels in which the 
milk is set to cream, should not, at most, be more than four 
inches deep, but their capacity may be such as to contain a 
gallon, or a gallon and a half. Trie milk must be passed 
through a hair sieve, before it is put into them. At a tempera¬ 
ture of fifty-five degrees, thy cream is observed to Le thrown 
up sooner, and more aVmnrlantlv, than at any temperature seve¬ 
ral degiQpes higher or lower. The length of time whit h milk is 
allowed to stand, is from eijrht to twelve hours, acc*»r<iing to 
the degree in which the milk is to be spent, or the purpose for 
which the blue milk is wanted. The cream for churning is 
taken ofi'by skimming it with a sharp-edged, shallow dish ; it 
is then put into a barrel, until a siifiicient quantity be collected 
for churning. This barrel shouhl have a small co< k close to 
the bottfun of it, by which any thin serous part of the milk, 
which might j^eparate from the cream before the time of churn¬ 
ing, may be drawn oJf, and prevented from tainting the cream. 
The cream should not he churned until it has acquired a very 
slight degree of acidity, w hich generally happi ns in two or 
three, or at most four days, if the cream he churned in 
less than two days, though it may be well-tasted, it will not 
keep so long as the other. When the cows fee<l chiefly on 
the rich grass of summer, the butter has a fine, y« Ilow colour; 
but winter butter is ger.erally coloured by the use of annolta. 
In summer, the churn is cooled by filling it with cold water, 
in winter it should be warmed by hot water, pievious to churn¬ 
ing. The agitation of the milk in the churn should be uni¬ 
form, and not by fits and starts. When the hut ter is separated, 
it ahoiild be taken out. and well kneaded with pure water, till 
all the milk is pressed from it; after the milk is pres>ed out, a 
little salt is added, and the butter i.s then made up for con¬ 
sumption. 

The method of making cheese is considerably varied in dif¬ 
ferent districts, as to the age of the milk before it is used, the 
quantity of cream it contains, and the operations gone through; 
but aa Cheshire cheese is deservedly famous for its eveellence, 
and is perhaps fitter for general use than any other cheese, we 
shall give the method pursued in making it: the evening’s 
milk is not touclied til! the following morning, when the cream 
is taken off, and put to warm in a brass pan, heated with boil¬ 
ing water: one-tnird part of that milk is heated in a similar 
manner. The cows being milked early in the morning, the 
new milk, and that of the preceding night, thus prepared, aie 
poured into a large tub, togetlier witli the cream. A piece of 
rennet, kept in hdeewarm water since the preceding evening, 
it put into die tub, in order to coagulate the milk ; w ith which. 
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if the cheene is inteitded to lie coloured, u small quantity of 
nnnotta (or of an infusion of marigolds or carrots) is rubbed 
fine and mixed; the whole i* stirred toother, and, being co¬ 
vered up warm, allowed to stand about Wlf an hour, or till tl 
is coagulated; when it is first turned over livith a howl, to se¬ 
parate the whey from the curds, and broken soon after into 
very small pieces. The whey being separated by standing 
some time, ts taken from the curd, which sinks to the .bottom, 
and it then collected into a part of the tub, provitled with a 
slip or loose board, to cross the diameter of the bottom, for 
the sole purpose of efiecting this separation; on which a board 
is placed, weighing from fiO to 12ft pounds, in order to press 
out the whey. As soon as it acquires a greater degree of so¬ 
lidity, it is cut into slices, ami turned over several timeh to 
extract all the w'hey, and again pres>efl with weights : ihcsl: 
operations may consume about an hour and a half. It is then 
taken fn>ra the tub, and broken verv small by the hand, salted, 
and put into a chei‘*se vat, the depth of which is enlarged by a 
tin hoop fitted to the top. The side is then strongly pressed, 
both by hand, and with a board at the top, well wi ighteil; and 
wooden skewers are placed roitiid the chees*;. at the centre, 
which are frequently drawn out. It is then shifted out «»f the 
▼at, a cloth being previously put on the top of it, and reversed 
on the cloth into another vat, or again into the same, if well 
scalded, before the cheese be returned to it. The top, or up¬ 
per part, is next broken by the hand, down to tlie middle, 
salted, pressed, weighted, and skewered, iis before, till all the 
whey is extracted. This being done, the chee.se is again re¬ 
verse into another vat, likewise warmed, with a cloth under 
it, and a tin hoop, or binder, put round the upper edge of the 
cheese, and within the tides of the vat; the former being pre¬ 
viously inclosed in a cloth, and it# edge# put within the vessel. 
These various operations are j>erformed from about seven 
o’clock in the morning till one at noon. The pressing of the 
cheese requires about eight hours more, ss it must he twice 
turned in the vst, round which thin wire skewers are passed, 
and shifted occasionally. The next morning it ought to be 
torned and pressed again, as likewise tU ni^ht^ and on the suc¬ 
ceeding day; about the middle of which it is removed to the 
salting room, where the outside is salted, and a cloth hinder 
tied round it. After this process, the cheese is tamed twice 
daily, for six or seven days; then left two or three weeks to 
dry, during which time it it once tamed, and cleaned every 
day $ mad at length deposited in the common cheese^room, on 
a boif^bd floor, covert with straw, where it is tamed daily, 
until itnequiia aofficieat hanbieia. The room should ha of 
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ft moderate warmth, but no wind, or draught of air, muat be 
permitted to enter, as this generally cradks the cheese. The 
outside or rind of the cheese, is sometimes rubbed with but 
ter, or oil, in order to give it a coat. 


GAUDESING 


GAnnejiiNc; is a branch of agriculture, which combines orna¬ 
ment with utility, and employs the utmost refinement of culture, 
to niaintaiii and improve the excellence of vegetable products. 

Gardens are usually considered as of three clas^es: 1. The 
flower-garden. 2. The fruit-garden. 3. The kitchen-garden. 
The green-house, hot-house, and nnrscrv, are repositories for 
productions which belong to all these classes. 


Op the Situation, Soil, and Plan of a Gaeden. 

As a garden usually takes up but a small portion of ground, 
and n» the object of it is often not so much for the profit, as the 
recreation and rational enjoyment which it may afford to the 
proprietor, it will always be desirable to fix it in the pleasantest 
aituation of which the selection is admissible. The merit oc¬ 
casioned by the differenoe in prospect, is easily brought to the 
decision of taste; but it should be remembered that mountain 
scenery, particularly where water is included, will please the 
longest. A site is to be preferred, which is neither very ele¬ 
vated nor very low, and which forms a gentle declivity, screen¬ 
ed, if possible, from north and north-easterly winds. Of the 
two, a situation is better when too low than when too higli, on 
account of its greater warmth, unless the vicinity contains 
much sti^ant water or marshy ground. A plentiful supply 
of water is of great consequence, and running water is better 
than any <^ber; pond-water will answer equally well for water- 
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plants, but will not be so wholesome in a gurdleii, if entirely 
st.t« 4 uant; water drawn fresh from a spring, is too cold for wa¬ 
tering plants, and if no of ho, r can be had. tt should be exposed 
for some time to the atmosphere, before it is nsed. 

Unless the soil of a |^rden be gomi, and sufficiently deep 
for the largest plants it is designed to maintain, the subsequent 
labour It will require will be immense, without being successful; 
its productions will consequently exhibit symptoms of disease, 
which no attention can eradicate. A mellow loam, which* is 
friable when tolerably drv, and neither clammy nor wholly un¬ 
adhesive when wet, may lie fully approved, as moderate labour 
and e.xpen»e will fit it for any purpose, if it be sufficiently deep. 
Its depth should never be le.ss than two feet where trees and 
shrubs are requireil; even three feet is rather shallow; and for 
a really fine garden, four feet of good soil may be considered 
necessary. If it do not already exist, the expense of the gwr- 
deii will In the end prove the least possible, if it be arliftcially 
increased. It is at{vti«ab!e tt» make fh»‘ sod uriifonnly deep in 
every part, as well where the gravelled walks are to be made, 
a.s for the borders. 

The flower-garden is generally laid out with the nicest care, 
and in the choicest situation ; the fruit and kitchen-gardens, 
arc generally more concealed. A shrubbery is a frequent 
appendage tn a flower-garden, but more frequently, shrubs are 
intermixed with the flowers. 

Miller recommends the following rules to be observed 
in the disposition of a large garden : There ought always 
to be a deficeiit of at least three steps from the house to the 
garden ; this w ill render the house more dry and wholesome, 
and the prospect on entering the garden more extensive. 
The first thing that ought to present itself to view, should 
be an open lawn of grass; which ought to be considerably 
broader than the front of the building; and if the depth be 
one half more than the width, it will have a better effect: if 
on the. sides of the lawn there are trees planted irregularly, 
by way of open ^oves, the regularity of the lawn will be 
broken, and the w^ole rendered more like nature. For the 
convenience of walking in damp weather, the whole should be 
surrounded with a gravel walk, on the oubitde of which should 
be borders, three or four feet wide, for flowers; and from the 
back of these the prospect will be agreeably terminated by a 
alope of evergreen shrubs; which, however, should never be 
•ttiihred to curtail any agreeable prospect. The walks should 
lead gentle windings througn tne different plantations, 
wheft shade and seclusion may be emoyed at pleasure. Run¬ 
ning wateft where it can be introduced, has a much more 
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c^greeabie efiect thaQ stagnant ponds. The several parts of 
the garden should be diversified; but wherever the eye takes 
in the whole at once, the two sides should be similar. Eveiy? 
where, the greatest art is required to avoid the appearance of 
art; nothing is more offensive to the eye of taste, than trees 
and shrubs cut to symmetrical figures. In the kitchen-garden, 
which is often conjoined with the fruit-garden, the borders 
should be about eight or ten feet broad; me borders exposed 
to the louih, are iktest for early plants, and those exposed to 
the north for late ones, taking care not to plant any deep-root¬ 
ing plants, especially beans and pease, very near the fruit-trees. 
The division of the ground must be determined by its size and 
shape : care should be taken not to have very small divisions, 
► as they will require an unnecessary number of walks, and in 
the areas inclosed by treillages, plants will not thrive for want 
of a free exposure. A walk six feet broad will be sufficient 
for a garden of moderate size, but in a large one ten feet may 
be allowed; on each side of the walk, should be a border of 
three or four feet, between it and the espaliers. These borders 
are suitable for salads, and other plants, which neither take 
deep root nor continue long, and the sort should be varied 
each year. 

A constant attention todigging and weeding, is indispensable 
to the success of a garden; as also the use of abundance of ma¬ 
nure, for the properties of the different kinds of which, we 
refer to Agriculture; and shall now proceed to treat of the 
principal operations required in this branch of culture. 


Of Planting. 


The most proper seasons for planting in each year, are spring 
and autumn. 1 he roots of all plants that are taken up, should 
be preserved entire, and not tninned or lopped, unless when 
diseased As planting is usually performed in rows, care should 
be taken that the direction of the rows be north and south: the 
ground and tlie plants will then receive the greatest*portion of 
sunshine, ^d plants will be more thriving than any other posi¬ 
tion at similar distances could render them. 

The inodes of planting in ordinary use, are the following: 

1. Hole platuitig. This mode of planting is generally em¬ 
ployed for t^es or shrubs that have attainea a good size. It 
consists in digging holes sufficiently laigu to admit the whole 
64«“—’"Voi.. il. 4 O 4 
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of their rooU in their natural (toaitioii* or in the mine tXMiilioa 
anti at the same depth which they had prevtona to Uieir re* 
moral. The earth at the bottom of the hole eliould be well 
loosened ; the roots should be covered with the hoett part of 
the soil, and none bf the soil should he returned till it baa 
been broken up and pulvertix^d. If the plant be of the tender 
kind, tile surface of the ipronnd alter planttu;; it should be co¬ 
vered with long dung or turfs, to prevent its bring injured by 
cold weather before it bat properly taken fhild of the soil. 

2. Trtmck plattlmg. In digging a trench for planting^ box 
edgings, asparagus, nursery plants. &c. a line is generally used 
as a guide ; the depth and width of tlie trench must be profKur- 
tioned to the roots it has to admit, and that side of the treneh 
next the line is made {perpendicular or nearly so; the plants 
are set against the upright side, and the earth being returned, 
the plants are hxed by treading it down. 

3. Trenchmg-in phntmg. This method is adojited on light 
soils, where the plants arc to hare considerable spaces between 
them, and thert fore a continued trench is not requisite. It is 
performed by two persons; a line being set up, or a mark made 
as a guide, one {lerson turns out a suilicient quantity of soil 
to admit one {>tant, which the otlier person immediately puts 
fttio the hole, and the digger proceeding to make another 
hole, throws the soil he tsmes up into the hole last made. 
When the row is completed, the earth is trodden down as in 
the last mode of planting. 

4. A/il p/a«/#«g. This is an expeditious mode of planting, 
and much used where large quantities of suckers ana nursery 
plants are to be planted. In performing it, one person, hav¬ 
ing a line set up or marked, forms a crevice in the direction of 
the mark, he then draws his spade out, and fortns another, by 
crossing the fonner in the mindle; a boy following him. puts 
the sucker in at the crossing {dace, and hntsbes the operation 
by pressing the earth together with his fool. 

6. Driil planting. The drills or trenches are drawn by m 
hoe, at the distance and depth the seed requires; the seed Is 
dropped in. and generally covered by manual labour. Bul¬ 
bous roots, and lai^e seeds, auch as walnuta and beans, are 
frequeiitly planted in ibis manner. 

o. BidSng^n planting. In this mode of planiiiig, tbe 
■oil having been nrat prepared by dtj^ng and pttlvertxtng ti 
thoroughly, is formed into bi»ia three or roar feet wide. Wi6i 
aihm b^ween them. The earth is then raked off the surhice 
of each bed into the alleys, and the |ilantf»g being per* 
formed. Hia again spread over the suilace. The depth to 
which the eott ft drawn off. nrost be determined by what the 
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seed or roots to be planted require. Bulbous roots^ and larj^e 
seeds, are frequently thus planted. 

7. Furrow p/antmg consists in the use of the plough and the 
harrow, and is only employed when large tracts of ground are 
employed for one kind of produce:—see Agriculture. 

o. Uibbling. The principal difference between the dibbling 
of the gardener and that of the agriculturist, is, that the former 
does no| close the earth by the subsequent use of the harrow, 
but uses his dibble, or setting>stick, to press it together and 
fix the plants as be procee^hi. Herbaceous, shrubby, and 
fibrous-rooted plants, are very commonly set in this manner, 
as well as a great number of seeds. 

9. Trowtl planting. This is easily and expeditiously per¬ 
formed with a garden trowel, which serves both to take up the 
plant, and to make the hole for its reception. A quantity of 
earth is usually taken up along with the plant, and a little 
water is used to render it less liable to droop. 

10. Planting with balk of earth about the roott. This prac¬ 
tice consists in the removal of a plant or tree with as much as 
possible of the soil containing its roots. It is employed for 
all tender plants, and for the most hardy when they are IrAtis- 
plantcd at a season improper for the operation, as in summer. 

11. Planting in pots. Garden pots should be very little 
larger than what the plants require at the time tliey are put 
into them, and should be changed as the plants increase in 
size. They should have the hole at the bottom covered by a 
piotsberd, or oyster-shell, and when the plants are first set in 
them, which is generally done with more or less earth about 
them, the whole of the vacant space, while the plants are held 
upright, should be filled up witn fine mould, and a w'atering 
immediately given. 

In removing a plant from a small pot to a larger, the whole 
of the earth is generally taken up entire, and placed in the 
large not, upon a bed of earth laid at the bottom of that pot, 
ana wnich is enough to raise the surface of the old mould very 
nearly to the level it is to retain. The vacant space round the 
sides must then be filled up with fine mould; the plant will by 
this means scarcely receive the slightest interruption in its 
growth, and the fresh earth will in a short time cause it to be 
more luxuriant. 

If a plant appear to be disused before it is transplanted, 
the whole of the earth should be shaken from its roots, which 
should be examined, and any part found to be unsound should 
be cut off; and as there has probably been some fault in the 
earth, it will he proper to use noife but fresh. 

The mould of potted plants should be occasionally stirred 
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Up to the depth of an inch or i*wo. and should be watered iuf> 
hcitutly often to pievent its felling dry. 


Or Enobaftini;. 

Engrafliing. or graftinf, it the ait of makiiw a cion of one 
tree,, draw nourishment from another tree, until in the end, the 
wood and bark of the tree and cion unite at the jancture, and 
they form but one tree. The cion or graft thus connected with 
another stock, bears fruit ol' the same kind and <|uality at the 
tree from which it was taken, whether the stock which nourishea 
it bears the same fruit or not. Thus a graft of the finest 
apple-tree will produce fruit of 6ie finest flavour, though grafir 
eti upon a crab-stock ; and in general plants are grafted upon 
hard^’ wild stocks of the same genus; for if the trees were of 
adidt rent character, the operation would not succei*d. Graft¬ 
ing affords generally the readiest means, and often the only 
means, of multiplying the most delicious fniits, which would 
dt>. 5 ^«iierate if the attempt were made to propagate them from 
f.eed, or the stock r>r the improved variety would be too deli¬ 
cate to bear from the severity of the seasons. The grafts or 
cions should be of the laai summer's growth, from the outside 
branches; firm, well ripened, and healthy. The graft is always 
the middle part of each shoot, cut to five or six inches in 
length, or so as to have four or five good eyes, or buds, but 
should be preserved at full length, till grafting time. When 
the cion and stock are applied to each other, they are tied with 
bass, and then coveted with a thick coating of clay, called 
grafting cl^. which is prepared by incorporating common 
clay, or stiff loam, with one-fourth of fresh horse-dung, free 
from litter, and a small portion of cut hay and water. The 
clay is allowed to remain until the union of the stock and 
graft is complete, which will generally be in a cotijpie of 
months. Grafling is variously distinguished, according to 
differences in the inode of conducting it. but the most usual 
kinds are the following; 

1. Whip grafting or tongue-grafting. This is one of the 
most suiuiessful and comnton modes m grafting. It is per¬ 
formed in nurseries, upon stocks of an inch or under in dia¬ 
meter* The stock ana grafl should be of the same site or very 
nearly ao; and the sloping surfaces applied to eeuh other in 
the nmoner of splicing a fishing rod, should be at least an inch 
Umg. ; As soon as apulied together, they should be tied with 
Isms, lu^ cotered with clay. 




OARDENIKG. 


659 


■ Modr* of graftiof. 


2. Rafting, or idU grafting, as gardeners difTerently 
term it, is performed upon stocks from one to two inches in 
diameter, and requires a cleft or slit to be made in the stock 
for the reception of the graft, because the stock is much larger 
than the graft; The head of the stock being carefully cut off 
in a sloping direction, a perpendicular cleft or slit is to be 
made about two inches deep, with a knife or chisel, towards 
the back of the slojie, into which a wedge is to be driven, in 
order to keep it open for the admission of the cion ; the latter 
must now be cut in the form of a wedge, so as to fit the inci¬ 
sion in the stock. As soon as it is prepared, it should be 

{ daoed in the cleft, in such a manner that the inner bark of 
)oth the stock and the cion may meet exactly together. It is 
then to be tied as in the former mode of grafting. This and 
the last methods of grafting are usually performed in Feb¬ 
ruary or March. 

3. inarching, or grafting btf approach, is a plan adopted 
when the stock anti the tree from which the cion is to be 
taken, are «o near that thev mav be easily joined together. It 
is usually practised in April or May, for oranges, myrtles, jas¬ 
mines, &c. which, in the ordinary modes of grafting, do not 
perfectly succeed. In this process, the stock and cion, at the 
part where they are to be joined, are each to have their rind 
and wood pared away on one side to the length of three inches; 
a slit upwards is then made in the graft to form a kind of 
tongue, and a slit downward is made in the stock to admit it, 
that when joined together they may be less liable to slip out 
of their proper position; they nave besides the usual security 
of a bandage ot bass, and a covering of clay. But as the junc¬ 
tion thus formed, may easily be strained by the motion com¬ 
municated either by accident or w'ind to either tree, it is usual 
to erect a stake of sufficient strength, to which both the stock 
and graft are tied. In about four months, the graft may be 
separated from the parent-tree, by sloping it off* close to the 
stock, and covering the bare part with fresh clay. 

4. Inocuiation, or buddmg, which is considered superior to 
any other mode of engrafiing,especially for nectarines, peaches, 
and other stone fruits. In this operation, the bud of one tree, 
is let into the branch of anoftier, to which it unites, and put¬ 
ting forth branches, these branches l|;M6ar fruit of the same kind 
and quality as th6 tree from which the bud was taken. To 
perform it, a horizontal incasion is to be made across the bark 
of the stock, from the middle of which, a perpendicular slit 
should be drawn, about two inches in lengtn. The buds are 
cut off from the shoohi about an inch or more long, and the 
woody part being separated, they are inserted into the side of 
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the stock between the rind and wood. The bud ta uaualty in* 
serled on the north aide of the atock. A tying of baas is ne¬ 
cessary to secure the bud in its place, and a covering of clay 
as usual over the wounded part. Budding is performed in 
July, August, and September, and cloudy or wet weather is 
the most proper, as in hot weather, the transpiration of the 
shoot deprives the bud too much of moisture. In the course 
of ft or five weeks, the stock may be cot off ip a slop¬ 

ing direction, about three inches above tlie bod; and in the 
course of the following year, it may be cut immediately above 
the bud. Standard trees should t>e budded five or six feet 
from the ground, but dwarf and espalier trees must be budded 
lower in proportion as the bihnches are wanted near the 
ground. 

The best and most durable fruit-trees are engrafted upon 
stocks which have attained u considerable height and maturity, 
as from four to six feet. Hence a practice called ej/reiiM* hrtmck 
gra/ting. has been remarkably successful, with regai^i to apple- 
trees. Trees of this fruit, which in the ortlinary judgment of 
them, were only fit to be cut down to a ituiiiu. after being 
thinned and cropped, have bad a large number oi grafts affixed 
u{ion them, and have thus, in the space of two or three years, 
i^ain become fruitful trees. 

Grafts which are intentled to bear fruit as early as possible, 
should always be taken from fruit-bearing branches. 

We may here notice the Chinese mode of propaguting trees, 
by obtdumH, which produces an effect equivalent to engrafting, 
except where a stock more hardy tiian the graft is required. 
It consists in applying a ball of earth, by means of a batidasre, 
round that part of a tree at which a branch is to be separated 
for forming another tree. Above this lump of earth is placed 
a cocoa-nut shell, or any convenient vessel, containing water, 
and which allows the water to ooze slowly fiom it to keep the 
ball of earth constantly moist. The branch thus situated 
atrikes root into the moistened earth, and upon being separated 
below it, is immediately fit for committing to the earth. 
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Of Pruning and Training. 


To prevent the sap of fruit-trees from being waitted, in the 
formation of useless wood, pruning is annually aired mt 
least ODi^e, and often twice. Dwarf and espalier trees require 
it the most frequently. U is generally performed in spring or, 
winter. A sharp bill or knife should be employed, as lacera¬ 
tion would prevent the wounds from healing. Useless buds 
may be rub^d or pinched otf, as soon as tliey appear, because 
new buds %vill shoot forth with increased vigour, and shoots 
may be obtained to supply the vacancies of the wall. All de¬ 
cayed branches must be entirely removed, as they have a ten¬ 
dency to poison the tree; and it is also proper to remove all 
the shoots which spring from the trunk, and branches near the 
trunk. It is also necessary, in wall fruit-trees, to preserve 
only such branches as can be conveniently spread out. 

Some fruit-trees, but especially the vine, are apt to bleed 
excessively when they are pruned or wounded, aud it has 
been thought Uiat this bleeding could not be stopped. Knight 
states, that he has found the followinjj means to answer: if to 
four parts of scraped cheese, be added one of calcined oyster- 
shells, or other pure calcareous earth, and this composition be 
pressed strongly iuto the pores of the wood, the sap will in- 
Rtautly cease to How: the largest branch may, of course, be 
taken off at any season, with safety. 

Pruning cannot be properly executed without a knowledge 
of the nature of the tree, in order to prevent the removal of 
too much fruit-bearing wood: thus the fruit of the vine is 
borne by shoots of the satue year’s growth, springing from 
wood of the last year’s growth ; a supply of the best shoots 
must therefore be annually trained in; ana these must in winter 
be reduced to a few eyes or buds, to force out shoots from 
their lower parts only : figs bear on wood a year old, of which 
a sulficieiicy must therefore be annually reserved ; and these 
shoots must not be shortened, as it is chiefly their extremities 
w'hich bear fruit: peaches, apricots, and nectarines, also pro- 
'duce their fruit on wood of the former year’s growth; while 
apple, pear, plum, and cherry-trees, bear on the spurs of wood 
from two to twenty years old, or more. 

The summer pruning of trees is the most important, and it 
it is advisable to perform it early, as in’May or June, carefully 
preserving the finest shoots, and Uiose which can be trained in 
the most regular manner. Winter pruning is performed from 
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November till March, and for such trees as require a supply of 
youn;^ wood, the nailing of the brunches must be loosenedfi to 
admit of the alterations required in the training. Every brunch 
should be left Unninated with a new shoot, as u leader. 

Knight obsenes, tliat fruit-trees, raised from seed, should 
neither be nruned, transplanitMi, nor over stimulated by a rich 
soil, until they have borne fruit. 

Fruit-walls should have a south aspect; but the manner in 
^'hich the branches should be trained is not so generally agreed 
upon. Knight has successfully adopted a meUiod of training, 
in which a greater surface of leaf is exposed to the light, than 
in any of the ordinary modes, and which caused die growth of 

J ►each-trees to be such, that at two years old they were fifteen 
eet wide. Beginning wiUi plants a year old, he headed them 
down early in spring, and trained only two shoots from each 
stem, in opposite directions, and nearly horizontal, for they 
only rose at an elevation of five degrees; when he observed 
any diHerence in the vigour of the shoots, he depressed the 
strongest, or gave a greater elevation to the weakest, by which 
the unifomiity of dieir growth was maintained, and in a sum¬ 
mer they attained the length of four feel. The lateral shoots 
were pinched off at the ffrst or second leaf, and were in die 
succeeding winter wholly destroyed. In the subsequent pro¬ 
gress of this mode of training, the large space which would be 
inclosed by a semi-circle resting upon die extremities of these 
nearly horizontal shoots, is gradually filled up by other shoots, 
which proceed divergendy from them, until these new shoots 
attain an inclination of about thirty degrees, when on the side 
next the centre of the tree, shoots nearly horizontal are trained 
from them. This mode of irainiug has a neat appearance, 
bettides being conducive to the bealdi of the tree. 


Of TiiF. Greenhouse, THE Hothouse, and Hotbeds. 

The greenhouse, or conservatory, and the hothouse, or 
forcing-house, are buildings for the reception of exodc vege¬ 
tables, which would not thrive, or come to maturi^, if con-» 
atantlv expoi^d to the open air in this climate, ihey have, 
Ihereloie, a similar object; but the hothouse, being chiefly ^p- 
propriatml to the ripening of the fruits of the hottest climates, 
reqiiires a much greater assistance from artiflcial beatf .The 
planla which can only be reared with success ip a hothouse, 
aii,olleit called sfoee-p/e/i^i. 
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Greenhouses are ort4.'n glazed only on that side which faces 
the south; the roof is slated, and the remaining sides are of 
brick or stone: sometimes tlie roof is in part ^azed : but as 
buildings of a heavy appearance have an unpleasant effect in 
the midst of a garden, they are frequently glazed on three sides, 
and over the whole roof. They then have all the appearance 
of a hothouse, from which they differ chiefly in requiring but 
Httle assistance from a fire, unless in uncommonly severe wea¬ 
ther. They are intended for tl»e occasional shelter of plants 
in pots, and which would perish if exposed to the open air 
during inclement weather, or when the nights are cold. Green¬ 
house plants are exposed to the open air. for a longer or shorter 
portion of the fine weather in summer, according to their har¬ 
diness; but %vlten they are brought out, they should be gradu¬ 
ally inured to the change, by placing them at first in tbu 
wamiLst situations; and when they are in the greenhouse, 
they should have fresh air in all favourable weather. 

The aspect of a hothouse should, like that of a greenhouse, 
be fuch that it will receive the full effect of the sun's rays, and 
for this purpose it should front the south south-west. An ob¬ 
long, or ri;;ht-angled parallelogram, is the most convenient 
form, both for the construction of the flues and the distribution 
of the plants; but tl ?v are sometimes made in a circular form, 
for the gratification of fancy, or to suit particular situations. 
Their height must be accommodated to the growth of thi; 
plants intended to be reared, and their dimensions to the num¬ 
ber of plants required, keeping m view a handsome proportion 
to the height. 

in the inclination which should be given to the glazed roof 
of a hothouse, a very considerable diversity of opinion and 
practice prevails. It is well known to opticians, that the rays 
of the sun are transmitted through glass in greater abundance 
the more nearly they fall to the perpendicular direction upon 
it. If therefore the inclination of the glazed roof of a hothouse 

such, that the r^s enter perpendicularly at a season of the 
year when their influence is most required, the position will 
be the best possible; but one Question will still remain to be 
determined, viz. when is the light and heat most essential? It 
has been contended, that they are most required in spring; but 
if it be recollected of how much more consequence a fine au¬ 
tumn is than a fine spring to the excellence and maturity of 
fruits, a doubt will scarcely remain of the accuracy of T. A. 
Knight’s opinion, that the maxhnura of solar heat and light is 
of most consequence during the period when fruit is ripening. 
This distinguished horticulturist, therefore, whose acute and 
philosophical mvestigations of economy of ▼egetables, 
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justly entitle him to rank as one of the first anlhorities on this 
BabJ^t, reeommead» for a vrceir. that the roof »boald hare 
on inclination of 34 degrees to the horixon. When this angle 
is adopted, the sun is vertical to its plane at the beginning of 
June* and again early in July, and at midsummer it is only six 
d^ees above the point at which it is vertical. A roof in* 
dined in this degr^. admits more light than any other. 
tween the 20th of April and 20tli of August, which includcsi 
the period in which the vine blossoms and ripens its fruit, and 
forms the buds and blossoms of the succeeding season. A 
vinery which he constructed with a roof thus situated, and 
which fully answered his expectations, was 40 feet long, and 
nearly 15 feet broad ; the back wail of brickwork was about 
10 feet high, and the roof extended from it to the low wall of 
about 2 feet in height on the opposite side. It was heated 
by a single fire-place, tbe flue went entirely round without 
touching the walls, and in the front, a space of about two 
feet was left between the flue and the wall, in the middle of 
which space the vines, which were trained to the roof about 
eleven inches from the glass, were planted. Both the wail 
and the flue were placed on arches, by which meant the vines 
were enabled to extend their roots in every direction, whilst 
in spring their growth was excited by the warmth their roots 
and stem received from the floe. Air was generally admitted 
fit the ends only, where all the sashes were made to slide, to 
afford a free passage of air through the house when necessary, 
to prevent the grapes from becoming mouldy in damp sea* 
sons. About four feet of the upper end of every third light 
of the roof was made to lift up, this part having hinges for 
riie purpose at the top of the hack wall. By this means, when 
it is necessary to give air, in hot and calm weather, no addi* 
tional shade is thrown on the plants as when the lights slide 
down. The inventor concludes that side lights for hothouses, 
may in all cases be dispensed with, a proper inclination of the 
roof admitting the solar light so mucn more beneficially; and 
that the saving will he considerable in the first construction 
of the hothouse, and afterwards in fuel. 

The inclination of the roof above recommended for a vificiy, 
the invmitor thinks mey he made to answer for pines, by sina* 
ing the front wall below the level of the floor, and msking a 
small change in the form of the bark-bed. For peaches and 
neetarhiee he recommends a roof inclined six degrees lower 
rilmn thiii for the vinery, because the lights, (which abould he 
of tlm tHRial sliding construction.) will always be drawn down 
at or before snidinEi^er, a long exposure to the direct rays of 
the aim bmog as indispensable to me perfecticm of their firnits. 
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as ahelter from rain* dews* and cold. In a house of this de> 
acription, fifty feet long, a single fire will be sufficient* by car¬ 
rying the fine entirely round it. I'he whole of the lights 
sooidd slide, in lengths of six or seven feet, two of which will 
he sufficient for the breadth of any house; the greater part of 
the lower slides should pass over the front wall, and when the 
fruit in the front is gathered, the chief opportunity will be 
afiorded, by bringing down the upper slideH, to perfect the 
fruit at the back. The walls must stand on arches like those 
of the vinery. 

From the variable degrees of light, heat, and exposure re¬ 
quired by different plants, it may be inferred that when a 
single hothouse is used as a miscellaneous depositoiy of fruits 
and flowers, from various climates, they will not all he main¬ 
tained m full vigour, and very few improved to the utmost; 
but still, by careful attention to a hothouse of this description* 
though perhaps not more than 20 or 30 feet long, by 10 or 12 
in breadth, where profit and fame are not looked for, the ad¬ 
mirer of nature’s productions will have considerable scope for 
his gratification. The most potent enemies he will have to 
contend with, are mildew and insects. To prevent mildew, 
Knight has found nothing so requisite, as a sufficient quantity 
of moisture beneath the soil. To destroy insects, the produc¬ 
tion of which cannot be removed by hand, or prevented by at¬ 
tention to the due admission of fresh air, cleanliness, gentle 
waterings, good soil, the just proportion of artificial heat, 
peeling off loose bark in winter, ana washing the plants with 
soap and water.—Mac Phail recommends, as superior to any 
means he has hitherto tried, the raising of the temperature of 
the place to a degree at which the insects cannot live. He 
found that the pine-apple-plant can sustain immersion in wa¬ 
ter of the heat of 140 degrees for an hour without injury. 
From his subsequent experiments it appeared, that a tempera¬ 
ture rather lower could oe sustained for a considerable time. 
He found that when the temperature of the hothouse was 
r^sed to degrees, and water of the same temperature was 
plentifully used, his plants grew vigorously, and were always 
cleared of insects in a shorter or longer time. Before he per¬ 
formed this operation, he sprinkled them with sulphur* but 
he is uncertain whether he derived any advantage from that 
dressing. 

To examine temperatures exactly, a thermometer sliould 
always be suspended in a hothouse or greenhouse; and this 
instfument may be obtained, with the temperatures most fa¬ 
vourable to a great number of plants marked on it. 

The bins, or beds* in which the pots containing pine-apples* 





666 


OARI>£NIHO. 


Tlw liothoM*.—IlMbrd*. 


and other plants, are buried, are generally filled with bark, ob¬ 
tained from tanners. This substance is more cleanly, and at 
the same time is fitter for the purpose than any other, from 
its affording', by its femientation, the mildest, most uniform, 
and loii^st continued heat. When the heat of the bark has 
subsided, it should be replaced by fresh : if tlie bark-bins are 
next to the back wall of the hothouse, this can b« conveni¬ 
ently done by raking it out tUrotigh apertures left in that wall 
for the purpose, and kept closed at other times. 

As it is one principal use of a hothouse to avoid sudden 
inequalities of temperature, an outside door should never open 
directly into it; there should always be a small antichamber, 
or porch, and the outer door shoulii be closed before the inner 
is opened. 

/io/6rd!>, called also forcingJ'rame$, are contrivances for bring¬ 
ing cucumbers and other plants to early maturity : they answer, 
on a small scale, the same purpose as a hothouse, without re¬ 
quiring any very extraordinary trouble or expense, and many 
seeds germinate in them, which would nmmin for years in 
ordinary ground, without any symptoms of growtli. The heat 
of hotbeds is derived from a deep bed of horse-dung, or tan¬ 
ners* bark, which is covered w ith fine mould ; ana a frame 
being put over this, the fermentation soon commences. If 
horse-dung be employed, the first violence of the heat should 
subside before any seeds are sown ; but if bark be used, the 
sowing may commence at any time. The bark should not be 
pressed down very close, as that would too much prevent its 
heating. The dung employed should be mixed with litter, and 
not more than three or four weeks old. A strong hotbed 
should be four feet deep in dung; but for those which are made 
late in the season, as in March or April, a depth of two feet will 
suffice. The depth of soil on the top of hotbeds, must be ac¬ 
commodated to what the plants will require, and must therefore 
be varied from six to twelve inches. It should so completely 
cover the dung, that none of the steam from the latter can 
escape, except ny passing through it. The beds ought to be 
made on a dry place, and on level ground, to admit of fresh 
do^ being anphed round them, when they bej^n to cool. 

The hotbed is completed by placing over it a rectangular 
frame of wood, with a cover inclined like the roof of a hot¬ 
house. and glazed; the depth of the frame at the back, which 
ts directed towards the north; is generally twice the depth of 
the front, and the bed on which it is placed is level. Hence 
the pfamts at the front are generally too near the glasa, while 
thewe at die hack are too distmnt from it; but if the fireme be 
flMde oi die aaoie height all rouml, and be placed upon an 
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inclined bed of earth, every inconvenience will be obviated, and 
the expense of the frame much diminished. In a frame of tbia 
kind, Knight ripened grapes, by introducing the branches of a 
vine through holes at the north end of it, when the frame was 
three feet from the vine, which was trained to a south wall. 
For grapes, the depth of the frame should not be less than 
eighteen inches, though seven or eight inches will answ'er for 
seeds; (pne plants require a height of three feet. 


CATALOGUE OF PLANTS USUALLY CULTIVATED 

IN GARDENS. 


Fi.ower Garden. 


Tender Annual Tlmcers, 

The seeds of plants of this description are sown upon a 
strong hotbed, at the latter end of February, in March, or the 
beginning of April; in the course of a month or six weeks, 
they are thinned ; in May they are put into pots, and in June, 
if the weather be mild, they may be kept in the open air, but 
still kept in pots, as it may be desirable to set them in the 
green-house, during very unfavourable weather. 


Amarantlis 
Balsams 
Cockscombs 
Egg-plants 
liumDle plant 
Ice plant 


Martynia 

Scarlet convolvolus 
Sensitive plant 
Snake melon 
Stramoniums 


Lcs« tender Annual Flowers. 

"These flowers require only a moderate hotbed ; their seeds 
are sown in March or April, and when mild weather com¬ 
mences, they are transplanted, first into pots, and afterwards 
into the flower-borders. 


African marigold 
Basil 

Browallis, blue, 
Cape marigold 
Capsicum 
Chinese aster 


Chinese hollyhock 

Chinese, or Indian pink 

Chrysanthemum 

Convolvulus 

I^nch marigold 

Gourds 
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Less tender Annual fJowen, (ctmiimted.) 


Indian corn 

Lenoia 

Lov<i^apple 

Lychiiia 

Manrcl of Peru 

Mis nonettc 

Kolana 


Palmadbriati 

Peraicaria 

Stocks 

Sultan, yellow. 
Tobacco 
Tree amaranthua 
Zinnia 


Hardy Annual Flowers. 

To be sown in March or April, and the seeds to be ^thered 
as tliey ripen, for the next year. These flowers require to be 
frequently watered in dry weather. * 


Adonis 
Alkebengi 
Alysson 
Amaranth 
Amythvstea 
Balm, Moldavian, 
Belvidere 
Candytuft 
Carthamus 
Catchfly, Lobel’s, 
Caterpillar trefoil 
Clary, red and white. 
Convolvulus major 
Combo ttle 
Cucumber, spurting, 
Fumatory, yellow. 
Hedgehog trefoil 
Honey wort 
Indian corn 
Ketmia 
Larkspur 


l,avatera 

Lupines 

Mallow 

Marigold, garden. 
Mignonette 
Nasturtium 
Nigella 

Pansey, or heart’s ease 

T’ease, sweet-scented, 

Persicaria 

Poppy 

Samower 

Scarlet bean 

Starry scabious 

Stock, small, 

Stock July-flower 
Strawberry spinach 
Sunflower 
Tangier pea 
Venus’s looking-glass 
Xeranthemum 


Biennial Flomrt, 


To be sown in March, April, or May; to be thinned and 
tranaplanted in July, and in September to be placed in borders 
of the flower-^rden. In the second summer, they flower, per¬ 
fect their seea, and die; or if a plant accidentally survive till 
the following year, it is pooc^nd worthless; the succession of 
them must therefore be preserved by annual sowing. 
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Canterburv bell 
China pink 
Colutea, Ethiopian, 
Common pink 
French honeysuckle 
Globe thistle 
Hollyhock 
Mallow tree 



Scabious 
Stock July-flower 
Sweet-william 
Tree primrose 
Vervain mallow 
Wall-flower. 


Perennial Flowers. 


Most perennial flowers are propagated by ofllsets, or parting 
of the roots, in spring or autumn, taking care that each piece 
separated has some fibres of root: this is usually done in Sep> 
tember, and the slip of the root will itself flower the ensuing 
summer; if done in spring, it should precede the shooting of 
the stalks.—^The flowers which are mostly propagated from 
seed, are marked thust 


Adonis 

Alyssont 

Anemone 

Asphodel 

Asters 

Auricula 

Bachelor’s button 

Bean caper 

Bee larkspur t 

Bugloss 

Campanula i* 

Carnation f 

Campion 

Cardinal flower 

Cassia 

Columbine t 

Cowslip 

Cranesbill 

Crowfoot 

Daffodil 

Daisies 

Dogtooth violet 

Dragons 

Dropwort 

£ternal>flower 

Fennel giant 

Feverfew 


Flax 

Fieur-d e-luce 
Foxglove t 
Fraxinella 
Fumatory 
Garlic 
Gentianella 
Golden locks 
Golden rod 
Greek valerian 
Hawkweedf 
Hepatica 
Herb bennet 
Hollyhock f 
Houseleek 
Lady’s mantle 
Lady’s slipper 
Lady’s smock 
Lily of the valley 
Lion’s tail 
London pride 
Loose-strife 
Lupine 
Lychnis 
Lychnidea 
Madwort 
Marsh marigold 







em 

* Pl u to pamrar-iMriMk 


PepeHtdai Fimmnt (cmiimtd*) 


Meadow*aweet 
Blilfoil 
Mil k-vetch 
Mint 

Moth^muUen 
Navel wort 
Ox-eye daisy f 
Pea. everlasting f 
Peony 
Pilewort 
Pinks 
Plantain 
Polyantlins f 
Primrose 
Ragged Robin 
Ranunculus 
Reed 

Rhubarb t 
Saxifrage 
Skullcap 
Snap-dragon t 


Soeesewort 

Side-saddle dower 

Soapwort 

Solomon’s seal 

Spiderwort 

Spurge 

Stonecrop 

Sunflower 

Swallow-wort 

Thrift 

Throat wort 

Toadflax 

Tradescantia 

True love 

Valerian 

Vervain 

Veronica 

Violet 

Viper’s bugiost 
Wake robin 
Willow herb. 


Bulbous and Tufterose-rooted Flofuxn, 


A bulbous root, of uhich an onion is an example, is in fact 
a bud containing the parts of the future plant already formed 
—leaves, stalk and dower; but a tuberose root, as exemplified 
in the turnip and carrot, coniists of a uniform deshy substance. 
Roots of both kinds are to be taken up. as soon as they have 
done dowering, and their leaves are withered. By this means, 
they dower the next season with greater vigour; they are kept 
out of the earth, and the powers of vegetation are dormant, 
generally from two to three months. They are most easily 
multiplied by odsets, which are small, but in other respects 
like the parent, whether that be bulbous or tuberose. The 
odssts should be separated from the main root at the time 
they are taken up, which should be done in dry weather. 


Aconites 

Amaryllis 

JbfteiBone 

ilMiphodel 

Bn^Moodjum 

Ct^dhiuin 


Corn-dag 

Crown imperial 

Cyclamen 

Badb^l 

Fretillariia 

Fomatory 
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Bulbous and Tuberose~rooted Howers, (continued.) 


Hyacinth 

Ins 

Jonquil 

Narcissus 

Pancratiums 

Polyanthus Narcissus 

Ranunculus 


Safiiron 

Sisyrinchium 

Snowdrop 

Squill 

Star of Bethlehem 

Tuberoses 

Tulips 


Kitchen Garden. 


Angelica 

Anise 

Artichoke, Dutch or globe 
French 
Jerusalem 

Asparagus 

Balm 

Basil, sweet 
Bean, dwarf 
French 
kidney 
Lisbon 
long-podtled 
mazagan 
red-blossomed 
Sandwich 
Spanish 

wnite-blossonied 
Windsor 
Beet, green 
red 
white 
Borecole 
Borage 

Broccoli, cauliflower 
early purple 
late purple 
Cabbage, drum head 
imperial 
sea 

sug^r-loaf 
Scotch 
65 . —VoL. 11. 


Cabbage, turnip-rooted 
Cardoon 
f.’arrot 
Capsicum 
f'auliflower 
Cilery, common 
upright 
Chamomile 
Chives 
(‘hervil 
Clary 
('oriander 
Corn-salad 
Cre.ss 

Cucumber, short green, early, 
long grcem, prickly 
Dutch white 
Roman 
Turkey green 
white 
Dill 

Elecampane 
Endive, green curled 
white 
Batavian 
Eschalot 
Fennel 
Garlic 
Gourd 

Horse-radish 

Hyssop 

Indian-cress 

4Q 
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Kitchen Garden Plants, (contmued.) 

Kale Potato, common red, early 

Lavender kidney, early 

Leek Amencan 

Lettuce, black coaa Porslain, green 

brown Dutch golden 

early green cabbage Rampion 
white cabbage Radiah, long-topped 


imperial 
Silesian 
green coas 
white coss 
Love-apple 
Maijoram, annual sweet 


Marigold 
Melons, cantaleupe 
Roman 
Mint, pepper 
spear 
Mushroom 
Mustard, black 
white 

Onion, Portugal 
Spanish 
Strasburgh 
Welch 

Orachc 

Parsley, common 
curled 

broad-leaved 

Parsnip 
Pea, Cfharlton 
golden 

Mading hotspur 
Spanish 
green nonpareil 
marrow&t, large 
dwarf 

ronncivml 

sugar 
Pennyroyal 
Potato, eontmon red 


Rape 
Rhubarb 
winter peren. sweet Rocambole 


short-topped 

salmon 

Spanish white 
black 


Rosemary 
Rue 
Saffron 

Sage, common 
red 

broad-leaved 

narrow-leaved 

Salsafy 

Savory, summer 
winter 

Savoy, green 
yellow 
Scorronera 
Skirret 

Sorrel, common 
French 
Spinach 
Tansey 
Tarragon 
Thyme 

Turnip, early Dutch 
oblong 
green 
red 

yellow 

white-rooted French 
Water-cress 
Wormwood 
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Fruit Garden, 


Almond, common 
dwarf 
Jordan 

, white-flowered 
Apple, codlin, common 
June-eating 
Margaret 
Kentish 

Winter pearmain 
Summer peannain 
queening 
rembourge 
scarlet summer 
quince 

Loan’s pearmain 
royal pearmain 
golden pippin 
rennet 
russet 
redstreak 
white reuiiette 
Kentish pippin 
nonpareil 
nonsuch 

Wheeler’s russet 
kitchen rennette 

quince 
Apricot, Breda 
early 
oranp 
peach 
red 

transparent 
Turkey 
white 
Barberry, black 

stoneless 

white 

Cherry, common black 
Kentish, red 
May-duke 




Cherry, archduke 
white-heart 
red-heart 
black-heart 
amber-heart 
ox-heart 
bleeding-heart 
carnation-coloured 
Morello 
Turkey 
Portugal 

Currants, common red 

white 

white grape 
black 

Fig, common blue 
black ischia 
;reen ischia 
irown ischia 
Genoa 
Malta 
Marseilles 
Naples 

Gooseberry, hairy red 
smooth red 
damson 
red raspberry 
early black 
hairy green 
smooth green 
green Gascoigne 
green raspberry 
great oval yellow 
great amber 
early amber 
large white crystal 
common white 
rumbullion 
great mogul 

Grape, July 

royal muscadine 
Malmsey muscadine 
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Grape, black muscadine 

common muscadine 
white muscat 
red muscat 
black muscadel 
red muscadel 
black Damascus 
Frontiniac 
Lisbon 
Spanish 
Tripoli 
red Frontiniac 
white Frontiniac 
red Hamburgh 
white Hamburgh 
early white Tencriffe 
red Syracusan 
Morocco 
blue Tokay 
white Tokay 
claret 
Burgundy 
Medlar, German 

Nottingham 
Italian 
Mulberry, black 
Nectarine, Fairchild’s early 
violet 
elrouge 
Newington 
red Homan 
scarlet 
Italian 
golden 
Peterborough 
early nutmeg 
Nttt'tree, common hazel 

large cluster wood 

cob 

Ipng 

Barcelona 
dwarf Byzantine 
Peacii« ••rif nutmeg 
red nutmeg 


Peach, great mignon 
early purple 
White Magdalen 
red Magdalen 
early Newington 
Montauban 
noblesse 
chancellor 
Rarobouillet 
royal CJeorge 
Catharine 
Cam bray 

Summer Pears. 

Pear, musk 

green chisel 

red muscadelle 

jargonelle 

Windsor 

queen’s 

orange musk 

royal 

summer bon chretien 
bergamotte, orange 
summer 

Autumn Pears. 

Pear, autumn 
Swis 
caraway 
brown beurre 
white beurre 
green sugar 
swan’s egg 
twice-flowering 

Winter Pears. 

Pear, St. Germain 
Chaumontella 
Colmar 

Spanish bon chretien 
dauphin 

Holland’s bergamotte 
Worc^ter black 
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Fruit Garden, (continued.) 


Pear, double-flowered 
Plum, damiiiik, early black 
little 


great 

clack 

damson 
green gage 
blue gage 
Orleans 

perdigron, black 
blue 
white 

Mogul, or egg 
imperial 
apricot 
pear 

daniaseeiie 


Plum, bullace 
Quince, apple 
near 
Portugal 

Raspberry, common red 
white 

double-bearing 
white Antwerp 
red Antwerp 
Strawberry, alpine 
Chili 
hautboy 
scarlet 

Walnut, thin-shelled 
thick-shelled 
double 
common oval 


Greenholse Plants. 


Adanrs needle 
Aiuternoide C'lute? 
Aloe 

Amber-tree 
Arctotis 
Asparagus 
Asphodel lily 
Aster, African 
Atraphaxis 
Balm of Gilead 
Bay-tree 
Bead-tree 
Bean caper 
Bell-flower 
Bird’s foot trefoil 
Birthwort 
Bladder sena 
Blood-flower 
Blue lobelia 
Boxthom 
Briony, African 
Buckthorn 
Buddleia 


Burnet 

Butcher’s broom 
Caniphire tree 
Caper shrub 
Canary convolvulus 
flower 
lavender 
Candy-tuft 
Cape marigold 
Cassine 
Catch-fly 
Ceanolhus 
Chrysanthemum 
Cistus 
Citron 
Clethra 

Climbing Mediola 
Coral-tree 

Corn-flag. Ethiopian 

Corn-flax 

Crassula 

Cyclamen 

Ebony 
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Greemhotue Plants, (caHiimted.) 


Euphorbia 

Fig-marigold 

Fig-tree 

Flea-bane, African 

Foreign coltsfoot 

Foxglove 

Furze, African 

Geranium 

Germander-tree 

Gnaphalium 

Goldilocks 

Grewia 

Groundsel, African 

Hare’s ear 

Honeysuckle 

House-leek 

Indian flowering reed 

Indigo 

Indian cress 

Inula 

Iron wort 

Ixia 

Jasmine 
Jerusalem sage 
Keggelaria, African 
Knee-holly 
Lavender 
Lemon 
Lesser oroine 
Lion’s tail 

Macedonian parsley 
Malabar nut-tree 
Mallow 

Marvel of Peru 

Melon thistle 

Mi&c-vetch 

Milkwort 

Morea 

Mugwort 

Myrflb 

Navel-wort 

Nightshade 

Olemdev 

(Hive-4ree 


Orange 

Origany 

Ox-eye 

Phiomis 

Pimpernel 

Pistachia tree 

Ploughman's spikenard 

Pomegranate tree 

Purslane 

Ragwort 

Rest-harrow 

Rock-rose 

Rough bindweed 

Sage 

St. John’s wort 

Scabious 

Sensitive plant 

Shrubby hedge-nettle 

Silver tree 

Silvery convolvulus 

Snap-dragon 

Sorrel-tree 

Sparrow-wort 

Speedwell 

Spider-wort 

Staff'-tree 

Star of Bethlehem 

Starwort 

Strawberry-tree 

Sumach 

Sweet calla 

Swallow-wort 

Tansey, Ethiopian 

Tetragonia 

Tooth-ach tree 

Tree mint 

Trumpet-flower 

Tumsol 

Vervain 

Viburnum, Americaut 
Viper’s bu^loss 
Virginian silk 
Xeranthemum 
Yerva mora 
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Hothouse Plants. 


Acanthus 
Achyranthes 
Adam’s needle 
Adenanthera 
Aloe, African 
Guinea 
Amaryllis 
Arrow-root, Indian 
Asphodel lily 
Balsam of Tolu-trce 
Bamboo-cane 
Bead-tree 
Blood-flower 
Bread-tree 
Brunsfehia 
Buckthorn 
Buddleia 
Cabbage-tree 
Calabash-tree 
Cardinal-tree 
Carica 
Cassada 
Cassia 

Cherry, Barbadocs 

Chocolate-nut-tree 

Cinnamon-tree 

Clutia 

Cocoa plum 

Cocoa-nut-tree 

Coffee-tree 

Coral-tree 

Cotton-plant 

Custard-apple 

Date-tree 

Dog’s-bane 

Dragon-tree 

Dwarf palm 

Dving metella 

Elephant’s foot 

Ethiopian sour gourd 

Euphorbia 


Fiddle-wood 

Fig-marigold 

Fig-tree 

Flower-fence, Barbadoes 

Galangale 

Garland flower 

Geoffroya 

Ginger 

Grewia 

Guinea-pepper 
Hibiscus 
Hyacinth, Intfian 
Iron-wood 
Jack-in-a-box tree 
Jasmine, red 

Arabian 

Cape 

Jasminoide 

I,ead-wort 

Lily-thorn 

Logwood-tree 

Looking-glass plant 

Madagascar rose 

Mahogany-tree 

Malabar-nut 

Mammee-tree 

Mango-tree 

Martvnia 

Mastic-tree 

Melon-thistle 

Mountain ebony 

Myrtle-tree 

Navel-wort 

New Jersey tea 

Nightshade, Malabar 

Oleander 

Olive, Barbadoes 

Passion-flower 

Periwinkle 

Pepper 

Peruvian bark-tree 
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Hothonu PlantMp (caniinued.) 


Pine>apple 

Plantata-iree 

Rivinia 

Robinia 

Sand-box tree 

Scarlet campion 

Screw-tree 

Sea-daffodil 

Sensitive plant 

Shrub-trefoil 

Silk cotton-tree 

Snow-berry 

Spui^e 

Star-apple 

Sugar-cane 

Sumach 

Superb lily 

Swallow-wort 

Syrian-mallow 


Tallow-tree 

Tamarind-tree 

Toumefortia 

Tree celandine 

Triumfetta 

Trumpet-flower 

Turmeric 

Turneria 

Urena 

Viburnum, American 
Vine 

Viri^inia silk 
Volkameria 
Wake-robin 
Waltheria 

Wild olive, Barbadoea 

Winteramia 

Ximenia 

Zamia 


Decidcoos Tbees and Shrubs. 


Acacia 

Alder 

Almond 

AlthEB-frutex 

Andromeda 

Ash 

Arbor-judae 

Azelea 

Azerole 

Barba-jovis 

Barberry 

Bastaria 

Beech 

Benjamin 

Bignonia 

Birch 

Bird-cherry 

Bladder-nut 

Bramble 

Bnaii-caaaibenry 


Catipha 

Cephalanthus 

Cherry 

Chesnut 

Chionanthus 

Cinquefoil shrub 

Clatliea Celtis 

Coccigria 

Colutea 

Cretffigus 

Cypress 

Dogwood 

Eioe 

Elm 

Empatnim 

Filbert 

Flamuia-jorte 

Frangula 

Fringe-tree 

Oale 
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Dedduoui Ttte$ and Shruh, (continued >) 


Guelder-rose 
Hazel • 

Hamamelis 

Hawthorn 

Hickory 

Honeysuckle, or woodbine 
HornfWam • 

Hydrangea 

Hypericum-frutex 

Itea 

Jasmine 

Kidneybean-tree 

{.aburnuin 

Larch 

LauruMlinns, African 

Lavender 

Licium 

Lilac 

Lime 

Liquidamber 

Louisera 

Maple 

Medlar 

Melia 

Mevispemum 

Mezereon 

Myrtle 

Naples medlar 
Oak 

Oleaster 

Palmiras 

Peach 

Pear 


Periploca 
Persamen plum 
Plane 

Pomegranate 

Poplar 

Privet, common 

Privos 

Ptelen 

Rhainnus 

Robinia 

Rose, 80 varieties 

St. Peter’s wort 

Sassafras 

Scorpion sena 

Service 

Silver-ivy 

Smilax 

Spirjea 

Styrax 

Sumach 

Sycamore 

Syi inga 

Tacaraahacca 

Tallow-tree 

Tamarisk 

Toothach-tree 

Toxicodendron 

Tupelo-tree 

Uoleosia 

Vamish-tree 

Walnut-tree 

Willow 

Xanthoxylum 


Evergheen Trees and Shrubs. 


Alateruus 

Andromeda 

Arbor-vitce 

Arbutus 

Bay 

Bignouia 
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Box 

Broom 

Cedar 

Cistus 

Cork 

CoroniUm 

4R 
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Evergreen Tree* and Shrula, (continued.) 


Cypress 

Enonymus 

Fir 

Fune 

Germander 

GroundseU Virginian 

Hartwort 

Holly 

Horsetail 

Honeysuckle,trumpet' 

Jasmine, Italian 

Juniper 

Kalma 

Kneeholme 

Laurel 

Laurustinus 

Lavender cotton 

Lotus 

Ma^olia 

Medicago 


M'espilus 

Oak 

Phillyrea 

Phinius 

Pine 

Privet 

Prinos 

Purslane-tree 
Pyracantha 
flowered luigwort, h« a 
Rhododendron 
Rojsp, evergreen 
Savin 
Spurge 
Staff-tree 
Stunecrop-tree 
Tutsan 
Widow-wall 
Wormwood 
Yew 
Yucca 


THE GARDENER’S CALENDAR. OR MONTHLY 
COLTISK OF LABOUR. 

First Month or the Year. — January. 

In the Flower Garden and Shrubhery .—Plant crocusses, 
tulips, snowdrops, and other bulbous roots. Plant flowering 
shrubs, and box and other edgings: prune flowering shrubs, 
taking care to remove their suckers. Protect tulips, hya¬ 
cinths, and other dedicate flowers, from cold weatner and 
heavy rains, by covering of litter or mats. Plant hedges 
and ornamental trees.' In open weather, dig over the sbrub- 
beiy, and remove moss. 

in the Kitchen Garden .—Prepare hotbeds for early melons, 
cucumbers, onions, cresses, mustard, and radishes. Coyer 
mushroom-beds with straw, heath, &c. particularly during 
frost. Plant asparagus in hotbeds, and give it air, except in 
stormy weather. Sow pease, beans, carrots, i^bbage-lettuces, 
and curled parsley. Provide for the succession of pease and 
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beans, by sowing at intervals of a fortnight. Sow spinach ; 
earth up celery and broccoli. Pick the decayed leaves from 
cauliflowers standing under glasses, and give them air at mid¬ 
day if tha sun shines. In frosty weather, when other work is 
hindered, wheel in dung, examine trees for the nests of cater¬ 
pillars, and seek out the harbours of snails and other vermin. 

In the Fruit Garden .—Loosen espalier and wall fruit-trees, 
and in.open weather, prune apple, pear, and quince trees; 
vines, gooseberries, currants, and raspberries, removing all 
cankered and decayed branches, and scraping olF moss with a 
blunt iron tool, if the weather be very cold, spread rotten 
dung or straw, or the refuse of flax, over the roots of the trees, 
not immediately at the bottom of the trunk, but principally 
over the small roots at a distance ; for the roots of trees gene¬ 
rally extend as far as their branches. Plant new* strawberry 
beds; prepare hotbefb? for raising the early scarlet strawberry, 
t-'ul grafts before the buds become large. 

In the (ireenhume .—Both in frosty and damp or foggy wea¬ 
ther, employ small fires. During the warmest part of every 
fine dav, ojien the sashes, in order that the air in the house 
may b» kept constantly sweet. Be extremely sparing of the 
use of water; aloes, and other succulent plants, will require 
none. The water should have acquired the temperature of the 
house before it is used. Fumigate occasionally with tobacco 
smoke. 

i/I the Hothouse .—Carefully ri gulate the fires, according to 
the stale of the weather. The temperature of the house, during 
the night, to be kept about 65 degrees of Fahrenheit, and in 
the middle of the day.it should rise to about 70 degrees. Ad¬ 
mit fresh air every day. Remove all insects that can be found, 
particularly examining for. them the blossoms of fruit-trees. 
Hoses and other flowers will frequently require water, but 
fruit-trees in blossom only seldom, and little at a time. 

In the Nursery .—Repair the fences, to keep out rabbits, 
hares, and other animals, which are at this time very destruc¬ 
tive, from the scarcity of food. Transplant and prune forest- 
trees and flowering shrubs. Trench the ground for sowing 
seeds in spring: make plantations of stocks for budding and 
grafting upon. Gather and carry away the moss, wherever it 
appears. 
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Second Month.—-Febevary. 

f7&wtr GenkH end Shruhbeiy. —Fioinh the plaiiUn|:r of bos 
and other edging. Lay down turf where it ta req^uired. and 
in order to prevent the grasa from becoming rank, if brought 
from a poor to a rich soil, place under it a layer of sand. 
Bulbous and tuberose-rooted dowers may still be planted, but 
will in ^neral be weaker tlian if planted in the fall of the 
year. Uig over and manure the soil of tlie shrubbery, and 
finish the pruning of the shrubs. Transplant perennial flowers; 
sow tender annuals in hot-beds, and prepare the ground for 
sowing hardy annuals. Continue to cover beds of valuable 
flowers with mats as in last month, taking ofl' the mats in the 
middle of the day. Sweep ofl' the moss from gravel walks, 
with a stiff broom. 

Kiichen Garden .—Sow melons, cresses, mustard, radishes, 
and celery. Put the cucumbers three days old into small pots, 
one for each plant, and put the pots up to the rim in a hotbed. 
tVntinue to sow pease, beans, carrots, cabbages, savoys, and 
lettuces. Examine the cauliflowers and lettuces under glasses. 
Earth up the beans and pease of last mcnith's sowing. Plant 
gatlic, rocambole, chives, eschalots, scorxonera, salsafy, bo¬ 
rage, angelica, marigold, curled parsley, potatoes, and Jerusa¬ 
lem artichokes. Plant horse-radish by cuttings; and at the 
end of the month, plant the last crop of asparagus for forcing. 
If the heat of any of the hotbeds appears to decline too much, 
..more . part of tho dung round lie aide., and apply a quan- 
tity of fresh. 

Fruit Garden. —Prune and nail up vines, peaches, nectarines, 
and other stone-fruit trees. Transplant fruit-trees of all sorts. 
Plant cuttings of gooseberries and currants. Give air to 
strawberries on hotbeds. Graft apples, pears, plums, and 
cherries. If gum or symptoms of canker appear, cut out the 
infected part. 

Greenhmt$e. —As mild weather occurs or approaches, admit 
more or less fresh air during the day. Dissipate the damp of 
foggy weather, and ward on the eflects of frost, by small fires. 
The aloe will still reonire no water; plants of a less succulent 
nature will require a little; and others, in proportion as they 
approach to a hard or ligneous texture, will require the quan¬ 
tity of water to be increased. Frequent waterings are better 
than few and copious ones. Remove all decayed leaves. 
Remove the earth of pots to the depth of an inch, and supply 
its place by fresh mould. 



GARDENING. 


683 


Mantbij eoarte of boajiiCM. 


Hothouse .—Let the temperature be about 66 degrees during 
the night, and 76 or 80 degrees during the middle of the day. 
Thin the bunches of grapes; eradicate decayed leaves and 
insects. Take care to keep the air in a wholesome state. 
Frequently water pines, stir up the old bark, and mix with it 
some frei^, if there be a decay of its heat. Fumigate to 
destroy insects. 

Nursery.—Plant acorns, beech-mast, and other seeds, &c. 
of shrubs and forest trees ; cut down seedling chesnuts of one 
year old to the ground : head down grafted and budded stocks; 
plant cuttings, suckers, and layei-s in general. 


Tiiinn Month.—Mahch. 

Fiotrer (iartlen and Shrubbery .—Give a covering of fresh 
earth to plants in jiots, first removing a layer of the old earth. 
Holl gravel walks;—Finish the plaining of deciduous shrubs, 
and perennial Howers, and continue to sow annual dowers, to 
iimintuin a succession of them. Tender annuals, sown in pots, 
will rerpore a gentle hotbed, to hasten their time of flowering. 
Sedulously weed the flower borders. Plant evergreens with 
balls of earth. Plant carnation layers in pots. Shelter tender 
flowers from heavy rain or sleet. Finish the laying of turf, 
and at the eml of the month mow the grass. 

Kitcben (iartlen .—Sow the general crop of lettuces, parsnips, 
and carrots. Continue to sow pease mid beans at intervals. 
Sow spinach and cabbage* seed, ctlerv, and early tuniips. 
Make fresh plantations of asparagus, between the rows of 
which sow onions. Remove the hand-glasses from cauli 
flowers, and earth them up. Sow salading, parsley, horse 
radish, thyme, and aromatic and physical herbs in general 
Plant leelis and endive for seed. I^urround the hotbeds of 
melons and cuoiimbers with a thick lining of fresh dung, or 
remove them to frc.sh beds. Kidney-beans, Jerusalem arti¬ 
chokes, tomatoe, mushrooms, and capsicums, must not be 
forgotten. 

Fruit Garden .—The blossoms of the peach, nectarine, and 
apricot, must be protected from dry and cold winds in the night, 
by placing hurdles before them, or spreading old fishing nets 
over them, or covering them with mats. Plant and prune; 
graft the various kinds of stocks; shorten the shoots from the 
grafts of last year, and take off the heads of the budded stocks 
of the same age. Dress strawberry be<is. and water them, espe¬ 
cially those on hot-beds ; place wisps of straw on the ground 
to support the leaves, and remove ail runners, unless it ia 
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intended to prepare for a new plantation of ibeui in autumn, 
loe the soil where the curranta and gooseherriea are planted. 

Grurnhome .—^Trim myrtles, orange-trees, lemon-trees, and 
other shiuba, to the form reouired. Open the sashes during 
the warmest part of all fine aays. Frequent waterings will be 
req^uired ; and the washing of the plants with water is benefi¬ 
cial, Exclude the frost; for which purpose, at nights, a small 
fire will be necessary. Sow the seeds of greenhouse plants in 
hotbeds. 

Hothouse .—Thin the leaves and shoots of the vine. Admit 
fresh air during the middle of fine days. To maintain the heat 
in a regular manner is of great consequence to the pines, which 
will now begin to shew fruit. The temperature in the morning 
should be tR) degrees, and in the course of the day, should 
rise to 7o or 80 degrees. Daily remove weeds, decayed leaves, 
and insects, and water the plants and hot flues. 

A'l/rsery.—Plant the layers ami cuttings of deciduous trees 
and shrubs, and sow the seeds of the same kinds. Trench the 
ground intended to be sown with seeds. Perform the grafting 
required. Transplant the poplars raised from cuttings to moist 
ground. Seed-beds reouire watering if the weallier be very 
dry; or eke the earth sfiould be kept moist with branches of 
fern, funte, yew, or fir, kept spread over it till rain occurs. 


FotKTH Month.—Apkil. 

Flower Garden and Shrublwrif .—Finish the rolling of gravel 
wralks, as also the repairing, rolling, and mowing of grass 
lawns and walks. Finish the planting of perennials and bien¬ 
nials, and still continue the sowing of aumtals. Weed the 
flower borders. Stir up and dre.ss the soil of flowers^ and 
shrubs in pots. Finish the planting of evergreens and shrubs. 
Clip box and other edgings; support the tall-growing herba¬ 
ceous or flowering plants with sticks. Protect auriculas, tu- 
lip^ and other ddicate flowers, from heavy rain, high winds, 
and strong sunshine; for this purpose, an arch should be niade 
of hoops, to support the mats, or other covering. Carnations 
and polyanthuses may yet be sown, and edgings may yet be 
planted, but the latter will occasion some trouble in watering, 
if the weather prove dry. 

Kitchen Garden .—As soon as the last-sown pease and beans 
Mpear above ground, sow a^ain to keep up the succession. 
Contmne to sow radishes, spinach, cresses, mustard, broccoli, 
and lettuces, and cardoons to transplant. Draw the earth up 
to cabbages, canliflowera, and the peMe and beans sown early 
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last month. Sow kidney-beans. Finish the planting of aro¬ 
matic and medicinal herbs. Sow more turnips, scorzonera, 
satsafy, celery, and parsley. Weed the beds of onions, let¬ 
tuces, carfbts, and leeks. After rain, look out for snails and 
slugs, or turn in some ducks for a short time, and they will 
perform the business without injuring the vegetables. Finch 
off the ends of melons which have two or three joints, to cause 
them to* throw out runners. Take (»ff the vounj; shoots of 
artichokes, and the tops of beans in flower. Jievtr suffer 
melons and cucumbers (o flo\%er near together, as they are 
plants *of the same genus, and would cause each other to 
degenerate. 

Prurt (harden .—Finish planting and pruning. Examine 
budded and grafted trees, to fake off all the sh(»ots proceeding 
from the stock, and close the fissures obHer>ed in the grafting 
clay. Water frequently, in case the weather be dry. If any 
trees are blighted, mix hog’s dung with the soil as far as the 
root.s extend, and water freely. Thin the fruit of apricots. 
Search diligently for I'aterpillars, of which numbers v^ili now 
be found crowded together, and if the work of destroying 
them be delayed, they will soon spread over the trees. Weed 
the Htraw'berry beds. Plant cuttings of vines. 

Greenhome .—Give air, and water freely. Set geraniums 
very near the window. Remove myrtles and the hardiest 
kinds of greenhouse plants, to warm situations in the open 
air. Inoculate orange and lemon trees. Remove the moss 
from the mould of plants in pots. • 

Hothouse .—Regularly train the vines, and thin tlie leaves 
where they would shade the fruit. Water pine-apples fre¬ 
quently. Admit air every fine day. Have tires during the 
night, and on damp gloomy days. Plant seeds, cuttings, 
layeij^, and suckers, of all the stove-plants to be propagated. 

Nvrsen /.—Sow the seeds of larches, firs, and pines, and trans¬ 
plant seedlings of these kinds. Hoe the chesnut ground, and 
wa^er all trees and shrubs, if the weather be dry. Sow the seeds 
of roses, sweet-briar, and tender trees and shrubs in general. 


Fifth Month.—May. 

Flower Garden and Shrubbery .—Take up all bulbous roots 
of which the leaves are withered. Put auriculas which have 
flowered into fresh pots, and set them in the shade, but not 
under the drip of trees. Trim carnations, and stake them. 
Remove balsams, egg-plants, sensitive plants, and other tender 
annuals, to a fresh hotbed. Mignonette, and all the less tender 
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annually may now he planted out in patches on the flower 
borders, and the seeds of hardy animals and biennials may be 
sown to beep op the succession. When there is a probabiiity 
of rain, transplant perennials from the seed-beds. ^ Carelblly 
attend to rose-trees, to free them from insects: fumigations of 
tobacco, or water in which tobacco has been steeped, will 
destroy all the soft green insects. Plant tuberoses for blow¬ 
ing in autumn ; water newly planted abrubs; and nerer suffer 
a weed to flower. 

Kitchen Garden. —Gi%’e air to the hotbeds during the day ; 
but keep up the heat of those containing cucumbers add me¬ 
lons, by fresh linings of litter. Place tiles under the melons 
as they set, to prevent the moisture of the bed from staining 
the fruit. Earth up pease and beans, and cut the tops off the 
latter, when in flower. Prick out celery, sow the large sorts 
of kidney-beans, and continue to sow the common kind, and 
pease. Sow cresses and mustard, thinly, for seed. Plant out 
capsicums for pickling. Transplant cabbages and savoys for 
winter. Transplant lettuces, and sow more seed. Select some 
of the flnest radishes for seed. Thin cardoons; hoe onions, 
carrots, parsneps, and turnips. Sow beets, and the principal 
crop of broccoli. Plant out cucumbers, which, when trained 
against a south wall, have a finer flavour than when suffered 
to creep along the ground. Thin the first cron, and sow the 
second of endive. Propagate aromatic herbs, oy slips or cut¬ 
tings. In drv weather, frequent waterin|y will be reijuired. 

Frmit GarJen.—Puli off all buds which appear in improper 
places; thin apricots for the second time, and nectarines and 
peaches for the first time. Search for snails and cater^iillars, 
pinch curled leaves, and fumigate where it appears necessary. 
Take off the clay from grafts perfectly united to the stock. 
Prune fig-trees, if not done last month. Weed and ^ress 
strawberry beds. A liberal supply of water will be required 
in dry weather. 

GreenhouK .—Inure the plants to a free circulation of j 
water frequently. Finish sowing greenhouse plants. Propa- 
l^te by layers and cuttings. Remove to larger pots or tubs, 
the plants which require it, and towards the end of the month, 
if the season be mild, set in the open air the remainder of the 
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Uothmte .—Pines will require much attention; water t^m 
freonently; if the heat of the bark declme, put some fresh into 
the vlns. Make fires in damp weather, and at night, unless in a 
very aoRd season. Propagate stove exotics 1^ si^s, oattiogs, 
fayem, and tuckers. Let the temperature of all the.ivWer i»cd 
tw ea^ to that of the house, and give air oecasionaily 
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Nunety .—Dress the seedling beds, and remove weeds, 
which will now grow rapidly, and prove very injurious, if al¬ 
lowed to remain. Water frequently. Dig over the ground of 
new hedges. Arch the beds with hoops, to support mats for 
covering seedlings during the hottest part of tne day, when 
the sun is powerful. 


Sixth Month.—Jink. 

Itowr Garden ami Shrnhitenf .—Attend to bulbous roots 
which require taking up. When taken up, they must not be 
crowded together in earthen or iron pots, where they will mil¬ 
dew, but after lying a few days on mats or a dry boarded floor, 
they should be put into drawers, or bung up in paper bags, in 
a dry apartment. Plant out annuals from hot-beds, in wet wea¬ 
ther if possible, to spare the tr(*uble of watering. Transplant 
seedling perennials. (Uip box and other edgings, and ever¬ 
greens in general, in moist weather. After trimming the 
shrubs, hoe the ground. Cut down and remove the stalks of 
perennials which have done flowering. Weed aiwl roll gravel 
walks, and mow the grass of luuns. Sow annuals to flower in 
autumn. Increase carnations and pinks by layers or cuttings. 
Plant bulbous roots, which are to blow in autumn. Stake and 
tie up flowering plants that spread too widely. 

Kitchen Garden .—Sow beans, and hotspur and dwarf mar¬ 
rowfat pease, in moist ground; and if the weather be dry, pre¬ 
pare the setni by steeping it in water for six or eight hours. 
Plant out the melons raised in pots for hand-glasses; cover 
with mats those in frames during the iiottest pait of the dav. 
Na^ up the runners ofcncumbers trained against walls. Sow 
lettuces and endive for autumn, and sow purple and cauli¬ 
flower broccoli for winter’s use, four times, at intervals of three 
weeks or a month. Make the last sow ing of savoys, and prick 
out broccoli, cabbages, cauliflowers, and celery. Hoe and 
set out to their pniper distances, turnips, onions, carrots, and 
parsneps. Increase marjoram, thyme, and other aromatic and 
pot-herbs by slips, anti gather befoie they flower those of 
which the leaves only are required. Dress the‘asparagus 
beds. Sow rape and coleseed. VV^ater freely. 

Fruit Garden. —Cutofl'ali the superfluous shoots of espaliers 
and wall-fruit trees, and train the shoots reserved to their pro¬ 
per distances; taking care that the nails never touch the fruit, 
or hinder it from swelling. Thin the fruit branches and leaves 
of apricotg for the last time. Bud stone-fruit trees. Destroy 
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insectn. Rub off the useless buds of the vine, removing al¬ 
ways the weakest. Water the blighted and newly {>iatited 
trees, and strawberries in flower; clear the strawberries from 
suckers. To have strawbr rrtes in autumn, cut off ‘the heads 
of those iust beginning to flower. 

GremAouse .—Admit air very freely, and, if the season be 
not very backward, leave the sashes open all night. All but 
the most delicate greenhouse plants may be set out; joiangea 
and lemons may be inarched; tliese trees are frec|ueiitly kept 
in the greenhouse the whole year, to screen them better from 
the eflects of changeable weather. Propagate by cuttings 
and layers. The cuttings of succulent plants should b<‘ allow¬ 
ed a week or two to dry before they are planted. Cover the 
surface of pots with fresh soil every month, removing a layer 
of the old for that purpose, and stir it up occasionally in the 
intervals. 

Jlolhouse .—Maintain a high temperature, which will in the 
sunshine at noon generally rise to ‘to degrees, if in the morn¬ 
ing it is above 60 degrees. To make the liberal admission of 
fresh air comport with this heat, tires will occasionaily be 
necessary. Water frequently, with water at the temperature 
of the house. Train the shoots of the vine required for next 
year’s fruit. 

Nunerif .—Weed the young stocks designed for grafting, 
and remove from them suckers and moss. Examine and weed 
the beds of seedlings and quicks, inoculate roses, apricots, 
peaches, and nectarines; examine last year’s grafts; trans¬ 
plant seedling pines and firs. W'ater frequently, if the wea¬ 
ther be dry. 


Sr.vENTH Month.—J ui.v. 

Flower Garden and Shrubbery .—^Transplant the seedling 
auriculas and polyanthuses, and the first layers of pinks and 
carnations; transplant seedling perennials into nursery beds, 
as they become loo thick. Plant cuttings of scarlet lychnis, 
sweet-williams, pinks, and rockets, in a shady border, and 
keep them covered with glasses, till they have grown two or 
three inches. Remove the glasses over balsams, egg-plants, 
and other tender annuals, and put fresh eaith on the top of 
each pot> Take up lilies, crown imperials, &c. to separate off- 
■eta. Transplant seedling bulbs ot two yean old, which have 
not yet Imnss removed. Gather seeds as th^ become ripe. 
Bud roios, rariegated hollies, and jasmines. Transplant ever- 
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ereens; water frequently the myrtles placed against walls. 
Hoe and dress more or less daily. 

Kitchen Garden. —Plant the principal crop of cabbages and 
endive.aftd the last crop of kidney-beans; transplantthe second 
crop of savoys, an<l the first of broccoli,and prick out the second 
crop of broccoli from the seedbeds. Thin the cauii dowers sown 
in May, and pricked out the last month, by transplanting about 
half ofi them. Take up garlic, eschalots, rocambole, and 
onions, when their leaves are withered. Sow lettuces and car¬ 
rots for autumn. Earth up capsicums, the cucumbers sown 
last month, and the first crop of celery. Sow turnips on a 
moist bed. Pull olf the side shoots of artichokes. Shelter 
melons with glasses from the heat of the sun in the middle of 
the day, giving them but little water while ripening, but stir¬ 
ring the soil about them, and destroying weeds. Sow pease 
for a late crop, also spinach in small quantities at a time, as 
it quickly runs up to seed. Gather Bowers and leaves for 
drying and distilling. 

Fruit Garden.—Peaches,nectarines,fig-trees,pears,cherries, 
and plums, must he inspected once a week, to nail up the 
shoots for next year’s fruit, and remove whatever is superfluous. 
Stirring up the sod will refresh these trees, and mixing with 
it hog’s ilung will be serviceable, if blight is observed. Bud 
stone-fruit trees. Great numbers of ants, wasps, and other 
insects, may be destroyed by hanging up bottles half filled 
with sugar and water, but this must be done before the fruit 
is ripe, or it will not be fully efl'ective. Take off the runners 
of strawberries, when they arc not required for a new' planta¬ 
tion. The ripening of currants may be protracted for two 
months, by a covering of mats. Search for snails and slugs 
in the evening, after rain, 

GrcenAoMsc. -Weed and dress more or less daily, taking off 
all shoots that detract iVom the neat appearance of the plants. 
Aloes and other succulent plants may be set in the open air. 
^8 the greenhouse will now be nearly empty, it may in part be 
replenised, by bringing from the liothouse, such flowers and 
shrubs as will either be benefited or not injured by a fresher 
and cooler air. Aloes arul other succulents, may be propa¬ 
gated by slips; oranges and lemons may be budded, and the 
fruit of those which bear may be thinned. Watering w-ill be 
frequently required, especially by fruit-bearing trees. Paint 
and white-wash the greenhouse. 

Hothouse .—Admit air freely during the day, and also during 
the night, unless the weather be gloomy and cold, in which 
case the pines will require the assistance of a little lire. Take 
care that the heat of the bark be well maintained, but not vio- 
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lent, or it will scorch the roots. If tlie bark decline in heat, 
stir it up, sprinkle it with a little water, and let the pou be 
covered to uie lim; if it become too hot, draw up the pots 
about one-third of their depth. Water Uie whole of the leaves 
and fruit of the plants, with water at the temperature of the 
house. 

jN’arser^.—In moist weather, clip young hedges, and trana- 
plant the seedling hrs and evergreens that are too crowded, 
instantly putting them into the earth again. Clear aw ay weeds 
in every part, and remove suckers from the various kinds of 
stocks. Kxamine grafts, and bud stone-fruit trees, and dow¬ 
ering shrubs, unless the weather be very dry. 


Eighth Month.—Accvst. 

Flower Garden and Shrubbery .—Plants in puts retiuire fre¬ 
quent watering, particularly hotbed annuals, such as oalsunis, 
egg-plaiitH, and cockscombs, which are about to perfect their 
seeds. Plant mignonette in pots to flower in winter, and set 
the pots in front of a south wall. Put auriculas into fresh 
pots, in a light soil mixed with well rotted dung : prick out 
seedling auriculas and polyanthuses, leaviog them at the dis¬ 
tance of three or four inches ; sow fresh seeds of these flowers 
in boxes, and sift a quarter of an inch of eacth over them. 
Early iii the month, plaut the bulbous roots that flower ia 
autumn, l ake up lilies, cTOwn imperials, and other bulbous 
roots that have done flowering, before they throw out fresh 
fibres. Increase carnations by layers, and perennials and 
shrubs in general, bv slips. At the end of the month, sow 
hardy annuab, and tfiey will produce stronger plants than if 
sown in spring. Mow grass walks and lawns ^ weed and roll 
gravel walks. Continue to gather ripened seeds. Trim ever¬ 
greens, eilgings, and shrubs in genei^- 

Kitchen Garden .—Sow cabbages, carrots, and com-salad or 
lamb’s lettuce. Dress the asparagus beds. Transplant celery. 
Plant out cauliflowers and turnips. Earth up cardoous, celery, 
broccoli, and savoys. Sow angelica, chervil, acurvy-grass, 
fennel, radishes, also white mustard, cress, endivo, laptseed, 
and lettuces. Gather mushroom spawn, and keop it in a dry 
place till wanted. In wet weather protedt melons with glasseii^ 
or frames covered with oiled paper. Gather for pickling the 
cucumbers trained against a wall. Sow the pricaly spinach, 
for winters use, in a warm situation, diligently pick the ca- 
terpiilars from cabbages. Take up onions of woteb the tops 
are withering, and spread them out to dry, twmtAg them 
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occasionally. Sow the second crop of Welsh onions. Gathet 
seeds, and aromatic and medicinal herbs. 

Fruit 'Take off superfluous shoots, and leaves that 

shade the ffuit of espaliers and wall-trees. Nail up the shoots 
to be reserved : destroy insects; finish budding. Refresh the 
roots of the trees by raking and dressing the soil. Take off 
the runners of strawberries. Cover the cufrants, of which the 
ripening«is to be protracted. The autumnal or second crop 
of figs should be rubbed off as soon as it appears, which it 
generally does in August or September. By this means the 
tree will not be weakened by bearing fruit that never ripens. 

Greathouse ,—Remove the plants W'hich require it into larger 
vessels, and renew the surface-soil of all the pots. Propagate 
aloes and other succulent plants by offsets, of which each 
should hav«‘ a small pot. Bud orange and lemon trees, and 
cut oft’ from the parent stock, the branches of trees inarched 
in spring. The myrtles and other woody kinds of greenhouse 
plants will require frequent but gentle waterings. 

Hothouse .—The pines w'ill now be fast ripening; the heat of 
the bark must therefore be kept up: watering will be required, 
but it should be given most sparingly to those which are most 
nearly ripe. If it be remrired to keep back for a week or tw'o, 
the ripening of a part of the pines, let them be taken out of 
the hothouse into the greenhouse, or even into the open air, 
where they should be shaded from the sun, and not watered. 
Shift succession pines into larger pots where they are to bear. 

Nursery .—Trench and lay the ground in ridges as a prepara¬ 
tion for the planting of next month ; it will be benefited by an 
exposure to the air, sun, and dews. In dry weather, shrubs 
and seedlings will require watering. Remove weeds as fast 
as they appear. Examine the state of the grafted and budded 
trees, keeping the clay free from cracks, where it is still re¬ 
quired, and removing it where it is no longer necessary. Trim 
evergreens, and transplant seedlings, watering them if there 
bejDo rain. 


Ninth Month.—September. 

Fiototr Garden and Shntbberj ^.—Prepare beds for snowdrops, 
crocntea, jonquils, tulips, hyacinths, anemones, and otnei 
bulbous roots, and plant them with a trowel in the course of 
the month, os they are weakened by remaining out longer 
Plant out perennials, and finish for the year the sowing of all 
the hardy annuals. Put mignonette in pots for the winter 
Annuals which are ripening their seeds require frequent water- 
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ing; balsams, egg-plants, and other tender sorts, will perfect 
♦ heir seeds best, if set in an alcove fronting the south, or in 
the greenhouse. Protect auriculas from rain. Cujt down the 
stalks of carnations and other flowers which have flowered. 
Weed and roll gravel walks, and roll and mow grass lawns. 
In moist weather, plant box for edgings, and plant cuttings of 
laurels, jasmines, and all other shrubs. Gather seeds in dir 
weather; be particularly attentive to the radish 8eed,t)f which 
birds are very fond. 

Kitchen Garden .—Plant out endive, cabbages, coleworts, the 
lettuces sown last month, and the last crop of broccoli and 
savoys; sow more lettuce, cabbage-seed, chervil, and corn- 
salad. If the cauliflowers are backward, plant them on a 
slight hotbed. Earth up the autumnal cauliflowers; earth up 
celery and cardoons for blanching, first tying up each plant 
of the latter by itself with bass. !nant the offsets of eschalots, 
garlic, and rocambole. Prepare mushroom beds, under a shed, 
open to the south, if convenient, for the sake of dryness ; use 
fresh stable-dung; and cover the spawn with two inches ofearth. 

Fruit Garden.—Pluai cuttings of gooseberries and currants, 
to keep up a succesion of young trees, which hear the largest 
fruit. Plant raspberries and straw berries ; the former continue 
in perfection only about four years, and the latter only two or 
three years. Nail up fig-trees and vines, and thin the leaves. 
Guartf against insects ; the branches of grapes arc frecpieiitly, 
for this purpose, put into bags of crape, gau/e, or paper; hang 
nets before valuable fruit, to protect it from birds. Gather 
ripe fruit in the morning, before the sun becomes hot. 

Greenhouse .—If oranges, lemons, and other delicate plants, 
particularly succulents, have been taken into the open air, for 
the two last hot months, tliey should be brought back ; but 
the sashes may be left open all night, if the weather is season¬ 
able. Water ^aringly, and cease to water the leaves. 

Hothouse .—Tlie gathering of the fruit will be nrincipally 
finished towards the latter end of this month ; and it will be 
a convenient time for mixing fresh bark with the old, or wholly 
renewing the bark in the bins, as its state appears to require; 
as well as for painting, white-washing, and in all respects put¬ 
ting the interior into complete order. The flues should also 
be swept. 

Nursery .—Continue to dig and throw into ridges, the g^round 
designed for planting: transplant seedling trees and shrubs, and 
propagate by cuttings. Preserve cherry and plum-stones for 
stocdtli, tand plant the cuttings of apples and pears. Hoe and 
destroy weeds and vermin evety-Wnere. Cuttings should al¬ 
ways be planted in moist weather, to spare frequent watering. 
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Tenth Month.—October. 

Flower Garden and Shrubbery. —Tulips, hyacinths, and other 
fine bulbous-rooted flowers, designed to blow during the win¬ 
ter, in tlje hothouse or forcing frames, should now be put into 
pots; and the bulbous roots designed for the borders, which 
yet remain out of the ground, would be better planted now 
than afterwards. Finish the planting of perennials. Put the 
pots of carnations into hotbeds, and roses into pots for forcing. 
Make cuttings of the best double chrysanthemums. Prune, 
transplant, and propagate by cuttings, all kinds of shrubs. 
Dress the soil for the winter. 

Kitchen Garden .—Tie up endive as it is wanted for blanch¬ 
ing; earth up cardoons, and the last crop of celery, in dry 
weather.—Weed the onions, carrots, and winter spinach. 
Plant out the early cabbages, the last crop of broccoli, and the 
cauliflowers intende<l to be covered with glasses. Lettuces 
may be obtained m winter by covering them with glasses. 
C'ut down the stalks of asparagus, hoe the weeds, throw some 
earth upon them out of the trench, and cover them with rotten 
dung. (*ut down artichokes, and preserve them from the frost 
by covering the roots w itli straw. Sow early pease and beans 
on a south border, sow cress, mustard, and radishes for small 
salading. Cut down the flowering stems of aromatic and pot¬ 
herbs ; hoe them, and spread fresh earth upon the beds. Young 
mint may be obtained in a month by planting roots of it in a 
hotbed. Throw vacant ground into ridges, to be ready for 
any jiurpose. Finish the planting of mushroom spawn, and 
cover the beds with straw', as mushrooms grow the most rapidly 
without light. If the mushroom beds be not under a shed, the 
straw must be renewed as often as it becomes wet. 

Fruit Garden.—Gather all sorts of fruit as it ripens, as soon 
asihe morning dew is gone, if for immediate eatmg; but not 
till the middle of the day, if to be preserved for some time. 
Examine the grapes in bags, as they sometimes become mouldy. 
Prune and plant all kinds of fruit-trees. The soil of places 
where fruit-trees are to be placed, should be dug up, and left 
open for some weeks before the planting is commenced. In 
wet situations, lay down a cart-load or earth, and plant the 
tree on the top of a hillock formed with it. 

Greenhouse .—Having had the whole interior well cleansed, 
painted, or white-washed, and put into complete repair for win¬ 
ter, bring in the remainder of the plants, but let the sashes be 
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always open when the weather is fine. Prune shrubs, and re¬ 
move dead leaves as fast as they appear. Use but little water. 

Hothouse .—If the weather be dry, and the eveninos not 
frosty, fires will scarcely be yet required ; but in case of damp 
weather, or when the thermometer is below 55 degrees in the 
morning, fires will be proper. Admit air during the greater 
part of every fine dav. water very sparingly. 

Nursery.—Plant all kinds of forest trees, evergreens, and 
shrubs. Sow cherry snd plnm-stones, for stocks. 

Eleventh Month.—November. 

Ft&mer Garden and SAru55ery.—Protect the seedling bulbs 
in borders, bv straw or a covering of tanner's bark. Bulbous 
roots may still be planted, but unless it be done early in the 
month, they will be apt to come up weakly. Finish the plant¬ 
ing of flowering shrubs of all sorts, ani^ use fern, litter, or 
straw, to protect them from frost. Provide the materials of 
composts for spring use, as marie, loam, sand, bark, dung, &c. 
Roll grass walks. ^Several times in a week, remove decayed 
leaves. 

Kitchen Garden .—Tic and earth up cardoons and endive: 
prick out lettuces, to stand the winter in frames. In dry wea¬ 
ther, earth up celery for blanching. Plant beans and pease 
under a south wall. Earth up broccoli and cabbages. IBg 
up carrots, parsneps, beets, horse-radish, Slc. and lay them in 
sand out of the reach of firost. Dig up potatoes. Cut down 
artichokes, and cover them first with soil, and upon that, litter, 
feni, or straw, to keep the frost from the roots. Weed spinach 
and spring onions. 

Fruit Garden .—Prune gooseberries and currants, and make 
new plantations of them: prune, and nail up plum, cherry, 
peach, and other wall-fruits. Plant stone-fruits in open wea¬ 
ther; also walnuts and filberts. Gather the remaining fruits; 
and protect from frost, the roots of peaches, figs, and um deli¬ 
cate kinds of fruit-trees, by Utter or straw. 

Greenhouse .^—Fires will be occasionally require^. Admit 
air as often as the weather will permit, especially if there be 
much Buit ripening. Clear away decayed leaves, and put 
fresh earth on the tops of the pots. Water frequently the dry 
woody plants, and otners occasiontdiy. Bring m mijmonette, 
f^tna roses, and other plants which mi^t suffer from uie cold. 

Hothouse .—Keep Uie barit beds from fermenting violently, 
by too KHich heat; fires will be necessary in the evenings, 
to ^Etdhr against cold and damp. Prune vines, and 
lie tisinii ttp. Genue waterings will be requirid* 
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Nursery .—Haws must be gathered and sown in this month 
at latest. Plant forest-trees and their seeds early in the month. 
Shelter seediings and all delicate plants from the frost, by 
straw, fera, &c. In open weather, vacant ground should be 
dug and prepared for the spring. 

Twelfth Month.—De*cember. 

Flower Garden and Shrubbery. —Hyacinths, tulips, anemones, 
ranunculuses, and other valuable roots m open borders, should 
be covered w ith a layer of bark two or three inches deep : bark 
that has become useless for the hothouse will answer for this 
purpose. In heavy rains or snow, a covering of mats should 
be superadded. Auriculas and carnations likewise require 
protection from heavy rains, and falls of snow. The pots of 
all plants, which it is not thought necessary to carry into the 
greenhouse, should be entirely sunk into the eartli, as frost 
will then have the least ell'ect on them. Shrubs in general 
should be protected by straw, &.c. and the more delicate kinds 
covered with mats, laid over arches formed by hoo]Js. JStand- 
ing water must^ie carried ofl by trenches and drains. 

Kitclteu Garden .—Occasionally take up the straw from mush¬ 
room beds, to prevent mouldiness, and gatlier the mushrooms 
which are ready. Sow pease and beaus. Earth up celery ami 
cardoous. Cover endive and parsley with straw. Earth up 
broccoli, boorcole, and cabbages, and pick off their decayed 
leaves. Cauliflowers and lettuces under glasses shouhl be weed¬ 
ed, and have fresh air in fine weather. Finish the taking up of 
carrots, parsley. &c. (iive air to the asparagus under frames. 

Fruit Garden .—Stake newly planted standards which might 
be displaced by the wind, and protect with furze the trunks 
of all trees which would be injured by hares or rabbits. Ma¬ 
nure the soil where fruit-trees stand. Prune fruit-trees. Exa¬ 
mine gathered fruit, and pick out all that is decayed. 

Greenhouse .—Keep out the frost and damp by gentle fires. 
Admit air, in clear mild weather. Remove all decayed leaves. 
Succulent plants will scarcely require any water, and other 
plants will require very little. 

Hothouse .—Prune vines, and train them in such a manner 
that they may throw the least shade upon tlie pines. The heat 
of the bank should be kept nearly at 90 degrees; the average 
temperature of the house should be from 65 to 70 degrees. 
Weed every plant, and remove dead leaves. Fires will gene¬ 
rally be required both evening and morning. Water sparingly. 

Nursery .—Carry off stagnant water; trim Jiedges, trench 
vacant ground, and leave it in ridges for spring. Propagate 
r,(;._VoL. II. 4T 




696 


(J ARDF.MNO, 


Uemertil ivnuiriuu 


trees and shrubs by layers and cuttings, and transplant the 
hardy sorts. Manure wherever it is required, and form com¬ 
posts for future use. 


It may not be superfluous to remark, that the preceding ca¬ 
lendar is calculated for the south of England, but by an allow¬ 
ance of a week for every degree further north than Lyndon, it 
will equally answer for any part of the L’nited Kingdom. It 
must, nowever, be admitted, that in the same luiitude, the 
warmth or bleakness of particular sitimtions will hasten or re¬ 
tard the times of sowing, and render precaiiiinns for the pre¬ 
servation of plants more or less necessarv-. The varmhieness 
of seasons is also a circumstance which cannot he provided 
against by rule, but the continuance <»! any partn ularly unsea¬ 
sonable weather should not be reckoned iqxin, without the 
exercise of a considerable share of <lihcreti»in : thus if mild 
weather occur during the greater {>ari of March, the following 
montli is still not tar enonixh advanced, t*) he out of the reach 
of frost, and care should therefore be taken that if it occur, 
which in such a season is verv likely, thetendefplants aiul blos¬ 
soms may take no harm ; hut if a frost of some strength and con¬ 
tinuance occur late in April, it may .safely be consuiered, when 
it breaks up, as the last of the season. In autumn, on the 
contrary, an early frost, or rough weather, is frequently only 
the precursor of a late and mild, if not a fine season. 

By proper attention to the state of the season, the destruc¬ 
tive consequences of blight, which have so generally been con¬ 
sidered inevitable, inav, tliere is reason to believe, be offen 
warded ofl'. T. A. Knight observes, that cold w eather, parti¬ 
cularly cold nights succeeding warm days, is the most extensive 
source of blights; heat accelerates the motion of the sap to the 
extremities of trees ; exposure to cold, even when temporary, 
often retards it for some time ; hence, if when tlie blossoms of 
a fruit-tree arc just expanding, a cold night conies on, and the 
following days are warm, the evaporation from the blossom and 
leaves exceeds the nourishment supplied, and though the blos¬ 
som unfold itself, it is unproductive. The liest mode of defend¬ 
ing wall-trees from this kind of weather is a covering of double 
and triple net. Standards, which cannot be covered, should 
be much thinned towards the extremities, so as to admit the 
light to the centre of the tree, but not a free current of air 
through. By this mode of pruning, fruit will be found in every 
part of the tree, except in unfavourable seasons, when the ex¬ 
ternal parts of the tree, having serv’ed chiefly as a protection to 
the internal blossoms, will probably be unfruitful. 
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DRA WING, 


Dbawinc., strictly speakin-x, includes only the art of forming 
the resemblance of objects by means of ontlines; but it is 
usual to call those performances drawings, where only a single 
colour, as Indian ink, is employed to produce shades. 

It is evident that the real merit and utility of a picture is 
greater in proportion a.s it more closely resembles tlie object 
It is mtemled to designate; and the test of resemblance is, 
whi ther the picture makes the same im[)ression on the eye, as 
a view of the oliject itself. The first requisite toward the pro¬ 
duction of this elfect, must undoubtedly be an outline auly 
proportioned in all its parts to the visilde appearance of ob¬ 
jects, and this is to be olitained by a knowledge of perspective; 
the illusion is comjileted liy the jiroper disposition of colours 
upon such an outline. Of the art of colouring, but little can 
be acijuired from jirecepts, but perspective is subject to unal¬ 
terable rules, and as it communicates the knowledge which is 
first required, we shall revert to it immediately after noticing 
the instruments and material.s required to he in readiness for 
the practice of it, and of drawing in general. 

iNSTIirMENTS AND MATERIALS USED IN DRAWING. 

The most usual and convenient material for drawing upon is 
paper. Tlie kind of paper most proper, except for chalk draw¬ 
ings, is that which the stationers call yellow wove, as the wire- 
marks which are in the other sort, are an impediment to the point 
of the pencil. The thickness of paper sold under the name of 
dVawing paper, is usually in proportion to the size of the sheet; 
but for the smallest drawings it is advisable not to use any paper 
thinner than that made to the size called rotfal. Some chuse to 
have their paper hotpressed before they begin to draw upon it; 
hut hotpressed paper does not receive shading so well as the 
common kind, ana the drawing pen is w'ith much greater dif¬ 
ficulty made to produce fine ana clear strokes upon it. For 
chalk drawings, the paper is of a brown or grey tint, so that it 
may easily shew the strokes of black and red chalk. The 
colour of the pajier itself serving for th« middle tint, much 
time is saved. 
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For the convenience of kee{>in$; the paper stretched and 
smooth, during the progress of the piece, a drawing-hoard is 
used. A drawing-board is frequently nothing more than a 
hoard, planed smooth, and clamped at the edges to prevent its 
warping; and the paper is fastened down upon it by four or 
five wafers, or by paste: sometimes the paper is rather larger 
than the superficies of the board, and being folded down, is 
pasted to its edge. But the best drawing-ooards ai^ those 
which consist of a frame, for the reception of a moveable pan- 
nel, which, when in its place, forms, wiUi the upper surface of 
the frame, one continued fiat surface. The pannet is surround¬ 
ed by a rebate, which is received by a corresponding projec¬ 
tion in the frame; it can therefore always be placed exactly in 
the same situation, and will remain steady when once fixed, 
it is fastened by cross bars at the back, and as it is of less 
thickness than the frame, these bars are of such a thickness, 
that they do not project above the back of the frame. The 
edges of the frame should be straight, and formed exactly to 
right angles. To use this drawing-hoard, the paper should be 
a little larger every way than the paniiel, suppose about an 
inch, and the paimei is put into its place with the drawing pa¬ 
per centrally on the face of it, so that the edges of the paper 
double up into the rebate, and are retained by this doubling, 
and the tightness of the fitting between the paiinel and the 
frame, without the use of any cement. Drawing-hoards should 
be made of the best mahogany, well seasoned, and the frame 
should at least be an inch thic£. i'aper should be damped be 
fore it is fitted to a drawing-board, by sponging it witn water 
on the back, that is, on the side which is next the eye, when 
the p^er is held up to the light, and shows the letters of the 
watermark reversed. After sponging, the paper should be left a 
few minutes, for the water to siiilt through, and if it has not 
become perfectly pliable, it should be sponged again. 

The black-lead pendl is, for general use, superior to any other 
implement for tracing outlines. Good pencils of this kind are 
very scarce. The lead should not be gritty, nor so soft as to 
crumble away when reduced to a fine point, nor should it be so 
hard that its marks cannot be erased, it is proper to have pen¬ 
cils of difi'erent degrees of hardness; the hardest are fittest for 
designs drawn with mathematical accuracy; and the softer for 
free outlines, done entirely by hand and eye. They should be 
held at a greater distance from the point than a pen, iti order 
to give {greater command in moving them in all directions; 
they shottld have a fine point, and in mrming outlines, the pres¬ 
sure upon them must only be just enough to make them mark. 
By tbia means, if the first mark be erroneous, a second mav 
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be drawn at the distance of a hair’s breadth from it, and still 
be adistinct line, by which greater correctness may be obtained 
than by erasing the false line entirely, and trying again; and a 
still greatet advantage obtained over the common practice of 
running half a dozen or more lines into one, and guessing, when 
the pen comes to be used, at the true outline in the midst of them. 

Indifin-ruh'btr, or caoutchouc, is a well-known substance for 
erasing the lines drawn with the black-lead pencil, or any slight 
foulness, from the paper. It is sold in square lumps, and in 
the form of bottles: the latter appears to be of a somewhat dif¬ 
ferent quality to the other, and in general answers better. 

Hvtcrs are of two kinds, the plam ruler and the parallel ruler 
The plain ruler, which is employed fordrawing singleor detach¬ 
ed lines, is frequently made cylindrical, but a flat one, with at 
least one bevelled or feather edge, is more steady and certain 
in use. A Gunter’s scale makes a very good plain ruler. A 
parallel ruler is almost indispensable in ail kinds of drawing 
requiring straight ruled lines ; it consists of two straight, fiat, 
plain rulers, united by two bars lying on their upper surfaces: 
one end of each of these bars turnintr on a rivet in each ruler, 
the bais may be separated to a certain extent, but in every po¬ 
sition they preserve their parallelism- With this ruler, there¬ 
fore, if it he required to make a line parallel to one already 
made, it is only necessary to mark the distance of the two lines 
at one point; then by setting one of the parallel pieces even 
with the line, and pressing upon it there, the other parallel piece 
may be drawn back, and held down in its turn. These alternate 
movements are performed till the fore edge of the ruler comes 
to the point ihiough which the line is to pass, when it may be 
drawn in the usual manner. The saving of time by the use of 
it is very considerable. The best kind of small rulers sold by 
the mathematical instrument-makers, are made of ivory; when 
made of wood, some hard kind should be employed, such as 
ebony or box; those of ebony are the least liable to warp, but 
they have the fault of making a mark, if in handling them their 
edge or comer strike the paper rather forcibly. 

A T-square, so called from its resembling the letter T, is used 
on the drawing-board only, and will supersede the use of the 
parallel ruler lor all lines w'hich are either parallel or at right 
angles to any side of the board. It consists of a thin flat ruler 
called the blade, let perpendicularly into the middle of another 
piece called the stock, which is two or three times its own thick¬ 
ness. The blade being laid on the paper, and the stock brought 
up close to the edge of the board, it is very readi 1 y used in mli ng. 

Of comprmes there are several varieties. The common kind 
ore merely for taking distances, or dividing lines; they are there- 
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fore often called dividers; they should have double joints, one 
part of which should be steel; and should have hardened steel 
poiuts. Another pair of compasses should be kept, like the 
common ones in all respects, except that the lower half or steel 
part of one limb draws out, and its place is supplied by a steel 
pen, a dotting point, a crayon point to receive a pencil or cray¬ 
on, or a long steel limb for drawing large circles, ati tiie case re- 
<|uires. There are also elliptical compasses, for drawing el¬ 
lipses; triangular compasses, which have three legs, and are 
of considerable service for taking the position of three pointa 
at once; hair-compasses, for taking very small extents with 
the nicest accuracy ; bow-compasses, for drawing very smalt 
circles in a ready mannt*r; and proportional compasses, which 
turn on a centre of which the position is alterable ; these are 
particularly convenicut for drawing plans, &c. to ditferent 
scales. Compasses should have very smooth conical points, 
to prevent their boring out the paper; when purchased, tlie 
points are generally triangular. 

Pens. —C.’ommon pens, or those made of crow-quills, are fre¬ 
quently employed for inking an outline; but the steel pens,pur¬ 
chased' with compasses and other drawing implements of the 
mathematical instrument-makers, are incomparably superior to 
any other. Every one who uses them, however, will iiiid the 
advantage of acquainting himself with the art of keeping them 
in order. This will reouire a little attention, but if it be care¬ 
fully executed, the steel pen w ill not require a thousandth part 
of the time, trouble, and even expense, which attemds the use 
of pens made of quills; and its lines will be much more uni¬ 
form and well defined. The extremities of the steel pieces 
forming the pen, should be very narrow ellipses, and should 
perfectly meet, without the least projection of one niece over 
the other. The outside of the elliptical end should be nibbed 
on a hone till it is as thin as a knife; in this state the points 
would cut the paper ; but the sharpness must be taken off by 
gently drawing them separately over the stone upon their 
edge. This will give their edges a smoothness, to make them 
glide over the paper, although they will still be left so thin, 
tha t their edges singly can scarcely be discerned. By this 
management, lines may be drawn while the points of the pen 
are at a distance from each other not perceptibly exceeding 
the breadth of the lines produced, which is of consequence, 
not only to the equable flow of so viscid a fluid as Indian ink, 
but to obtaining a well-defined stroke. The points of the pen 
should fdways be so far apart, that the space between them 
can eaittly be discerned when they are held up to the light, 
otherwise they cannot be depended upon for drawing a good 
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line, and they M ill be apt to require a de^ee of prefigure, that 
will wear them ve^ fast. The steel pen is filled with a caniel> 
hair pencil, out of Indian ink rubbed aown in pure water; when 
the ink becomes viscid by the evaporation of part of the water, 
it should be rejected, and some fresh rubbed out; and ink which 
has once been rubbed down and become dry, should not again 
be used for the pen. When the pen appears to be rather clog¬ 
ged, a slip of paper may be drawn between the blades, and in 
using it, there should be no ink on its external surface. As 
the mismanagement of the steel pen is extremely common, and 
the want of a good one is a very fruitful source of vexation, 
these remarks will not be thought out of place, by those who 
have the art of drawing yet to learn. 

Indian ink .—The real China ink is the best, but is not often 
procurable. It breaks w ith a glossy fracture, its lighter shades 
nave rather a brownish hue, and it works perfectly free from grit. 
The higher the degree4n which any ink possesses these quaii> 
ties, the better it is. Indian ink should be rubbed down with 
water m little cells made in white marble, and the different 
shades should be kept distinct. It is of importance to remem- 
• ber that the shading done with this material may be easily 
darkened, but not made lighter; therefore the learner should 
not be anxious to produce the full effect at once; and where 
any shade appears to work up roughly, it may be left altoge¬ 
ther for another part of the drawing, till it is dry, and the un¬ 
evenness of the shade may soon be removed, if no part be too 
dark. 

0( camel-hair penciU, with which the shading with Indian 
ink is performed, scarcely one in a thousand is of a proper 
shape. The hairs at tiiat part which is next to the extremity 
of the quill in which they are inserted, should be thicker than 
the quill itself, and should rapidly terminate in a well-defined 
point, after being moistened by drawing through the mouth. 
The whole length of the hairs should very little exceed tw ice 
the diameter of the thickest part. When of this shape, the 
pdncil will hold a large quantity of colour, which, from the 
nearness of the point, will flow there as it is wanted, and will 
prevent that dryness of touch which is occasioned by a slender 
narrow pencil. Sable pencils are much stifier than those of 
camel’s hair, and are always to be preferred for delicate 
touches, and for making strokes. They are sold at six times - 
the price of the other. 

Charcoal is employed for outlines drawn by the eye, as the 
figures of men and animals. That prepared from the w'iilow 
is the most esteemed. The strokes made with it are easily 
rubbed out willi a feather. 
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Ckalk *.—^The chtlks used in drnwii^ are blaok» white, and 
red. Eed chalk is the cheapest, but it is not etuch used, as 
it baa a dull, unpleasant colour. The white chalk proper for 
drawini;. is harder than common chalk, but the latter will make 
a substitate for it, if washed fine, mixed up with skimmed milk, 
and moulded into a proper shape. Pipe clay will also he a 
tolerable substitute for it, without any preparation. Black 
nhalk is of two kinds, French and Italian; the latter is the 
harder and more valuable kind of the two. Chalks are used 
in narrow slips, and are held in a steel or brass case, called a 
portcrayon. When they are reduced to a point, they are not 
cut like a black-lead pencil, but in a contrary direction, that 
is from the point to the upper part. Chalks are much used 
in copying piaster Hgures, and drawing after life. 

h'taisNps are small roils, or cylinders of soft leather or pajier, 
rounded at the ends, and used to soften and blend the shsides 
produced by the strokes made with chalks. 


Op Perspective. 


Perspective is the art of delineating objects on any given 
surface, as they would appear to the eye, if that surface were 
transparent, and Uie objects tliemselves were seen tbtough it 
frmn a l^d situation. 

It often happens that young persons who have gone through 
a regular course of instruction on drawing, in which perspec¬ 
tive has been included, are as completely ignorant of tlm first 
principles of the art, as if they had never heard of it. The 
fact is, that they followed the diagrams before them, or drew 
lines as they were directed, and having elTected their present 
purpose, they were satisfied, because they were not taught to 
reflect whether they had derived any principles of geneim 
plication from what they had done; and their view of the whole 
anbject was indistinct, becauae they did not perceive the 1%- 
laiion between tlie lines and points which they made for their 
assistance upon paper, and the unseen path or course of the 
faya of light in lotting at an object itself. This can only be 
ao^uired ny a knowledge of the principles of optics, the ai> 
qumition or which ought to be a prelirntnary step to the etudy 
of perapecttve, and not left to oe dertven, as it usually is, 
from its combination with Uie rules and practice of perspec- 
ttve« The principles of optics, studied by tnemselvea, are easily 
ooderitooo* and an acquaintance with them will strew flowers in 
the path of the student’a future progress through perapecrive. 
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Geometry has been usually specified as a previous and indis> 
pensable requisite to the study of perspective; and there can 
De no question of the correctness of the assertion, where a com¬ 
plete and mathematical investigation of the art is to be under¬ 
taken ; but the nature of the subject, and of the rules to be 
followed in ordinary practice, in taking the drawing of a land¬ 
scape, of a building, or of a machine, may be perfectly com- 

f rehended without the scholastic investigation of geometry, 
t is requisite, for example, to know the names of difi'erently 
shaped superficies and solids, as circles, triangles, parallelo¬ 
grams, cubes, &c. and of the art of drawing straight and cuiy'ed 
lines in any direction upon paper; but the former may be ac¬ 
quired in cases where it is not already known, by the aid of 


almost any common dictionary, and the latter, to those who 
are provided with proper instruments, is a mechanical opera¬ 
tion. in performing which persons of very humble views expe¬ 
rience no difficulty. Thus in drawing, lines perpendicular to 
other lines are frequently wanted; the geometrical method of 
obtaining these perpendiculars is very neat and pleasing in its 
principle, but the mechanical mode of using a square is far 
more expeditions, as accurate in its effect, and is always the 
choice of practical men. I’pon the whole, the investigation 
of the nature of different forms, magnitudes, and their relations 
to each other, which constitute the essence of geometry, and 
delight the studious mind, may be left unexplored by tiiose 
who have leisure only for practical studies: although such a 
knowledge of geometry as may be acquired in a very short 
time without a teacher, from any elementary work on the sub¬ 
ject, is much to be recommended. 

Referring the student who is ignorant of the subject, to the 
essay on ojitics contained in this work, we will suppose it to 
be known—that light, by which all objects are rendered visible, 
consists of particles inconceivably small; that these particles 
are emitted from luminous bodies, and reflected from all ob¬ 


jects on which they fall; that their direction, in a uniform me¬ 
dium. is always in a right line; that the angle of a ray's inci¬ 
dence is always equal to the angle of its reflection; that every 
ray, when it enters the eye, impresses upon that organ die 
image of the point from which it issued ; that the angle under 
which any object is seen, when its centre is placed right before 
that of the eye, and its direction is perpendicular to the axis 
of the eye, is inversely proportionate to the distance of that 
object; not that in every other situation, the angle of vision 
is diminished, not only by the distance at which the object is 
viewed, but by its obliquity to the axis of the eye; that light 
is composed of particles of different sorts; and that colours 
66 —VoL. II. 4 U 
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atre supposed to be the consequence of the different inufirnitudea 
of the pfurticlea of iighi, and which therefore strike the retina 
with greater or less force. Of these theorems or propositions, 
the most important to the elucidation of our present subject, 
are those which relate to the rectilinear direction of the rays 
of light; the image these rays form of the object from which 
they cbme; and the variableness of the angle of vision, accord¬ 
ing to the position of any object, or part or line of an object. 

To commence with what we hope will be found a very easy 
way of acquiring a general knowledge of the subject; let the 
atttdent place liimself in a darkened chamber, and thera let 
him make a small hole, not larger than a pea, in the door or 
window, opposite to some remarkable objects, such as houses 
or trees, the distance of which should be at least equal to their 
height, and may with propriety be two or three tunes that dis¬ 
tance ; and the experiment wifi be most agreeably conducted, 
when the sun shines strongly on the surfaces facing the hole. 
If a sheet of paper, or any white screen, be placed within the 
room before tlie hole, an image of the extenml objects onpo- 
site the aperture, will be depicted upon it. The image will be 
beautiful, although the outline of the objects will not be very 
well defilied. nor their colours verv distinct, for reasons which 
the study of optics will fully expfain. The instruction, how¬ 
ever, to be derived from the experiment, will for the present 
object be the same, it will be observed, that the images of 
all objects are inverted; and to understand this, the student 
must l»e reminded of the rectilinear motion of light. The 
image on the screen can of course be formed only by those 
rays of light which enter the chamber at the aperture, and it 
will be admitted, that the rays from the top of the external 
objects cannot proceed in a right line to the screen, unless 
they proceed to the bottom of the screen; therefore, m each 
ray carries with it the image of the point from which it issued, 
the top of the objects must be at the bottom of Uie screen, and 
the objects on the left hand will be on the right of the image. 
That the rays of light from the objects cross each other at the 
aperture, and spread afterwards as they advance,may be proved 
by varying the distance of the screen; the siie of the image 
upon which, is enlarged by drawing it back, snd lessened by 
placing it nearer the aperture. The student most further be 
luformed, that if he could trace the image on the screen 
exactly at it is there delineated, he would, on reversing the 
scrmiii* have an outline of the external ob|ect8 in accurate 
perspective. At the proportions of the several parts, there¬ 
fore, are not altered by the inverted position of the image, they 
may be contemplated and comparea with the ori^nal obj^ts. 
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as if no inversion took place. Suppose the front of a single 
house to be parallel to tne surface ot the screen, and its centre 
very nearly opposite the centre of the aperture, its image upon 
the screen^'iii be of the same shape as the front itself is known 
to have, and its dimensions will be obtained by a rule easily 
discoverable, for the image will be very nearly as much less 
than the original, as the distance between the image and the 
aperture, is less than the distance between the original and 
the aperture. This estimate of the proportion between the 
image and the object, would not require the qualifying term 
nfcir/y, but would be correct, if the aperture were exactly op¬ 
posite the centre of the front of the house; but we have sup¬ 
posed Uie aperture to be nearer one side of the building than 
the other, in order that the rays from the nearest gable of the 
house, may pass through the aperture. This being attended 
t«,%here will be an image of the gable end upon the screen, 
and the size and shape of this part of the image must be par¬ 
ticularly noticed. It will be found, that though the gable may 
be iu reality as broad as the front, its image is extremely nar¬ 
row ; that Its ground line, instead of being level with that of 
the front, inclines more and more tow’ards the top as it recedes 
from the eye, and that the further edge of the inclined roof, 
inclines to this line with a greater degree of inclination than 
the original is known to have ; thus, besides the narrowness in 
point of breadth, the height of the most distant corner of the 
gable is in the image shorter than the hithermost corner. This 
visual contraction of surfaces is called fore-shortening. To 
understand how it happens, let the student suppose a thread 
to be stretched from any given point in the most distant angle 
or vertical edge of the gable, to its image on the screen, or 
spot on which it would fall by takings rectilinear course; let 
another line be supposed to be drawn from an opposite point 
of the nearest angU of the gable, and it will be perceived that 
as these lines, like the rays of light, cross at the aperture, they 
will at the screen form but a very narrow opening, and as the 
breadth of the image cannot be greater than this opening, the 
breadth of the game must be inconsiderable on the screen. 
It will be obvious at the same time, that the more nearly the 
gable is taken in front, the greater will be the breadth of its 
image, while that of the apparent extent of the front will be 

f troportionably contracted. The inclination of the ground 
ine of the gable will be explained, by supposing lines to be 
drawn from the four corners or limits of the gable to their re¬ 
spective places on the screen; for the line which bounds the 
further side of the gable, must have a less image on the screen 
than the hithermost, because it is more distant, and at an 
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intermediate distance, any yertical line in the gable roust 
have an intermediate height; therefore there must be in the 
picture, a gradual rising of the ground line towards a point 
Dorizontally opposite the place of the aperture :■<—Now Uie 
whole art of perspective consists in observing rules, which 
teach 08 to discover the diminutions of all objects seen ob¬ 
liquely like the gable end of the house. To render this ex¬ 
periment and the inferences drawn from it, perfsctly clear, it 
ought to be tried and fully considered. It will then speak to the 
eye, and the object to be obtained by perspective can scarcely 
be misunderstood, whereas the impression of mere a'ords is 
speedily effaced. To prevent any incorrect inference, we shall, 
however, refer to fig. I, pi. 1, where, let CD represent the 
window-.shutter of the darkened chamber, and g the aperture 
in it; A B an external object, and EF the screen which receives 
its image. It must be observed, that the darkened chanfber 
is used only as a means of separating the rays which fonn an 
image from any other; and that if the direction of the rays 
coula be ascertained as much before the shutter, as they are 
here behind it, an image of tlie original object would be ob¬ 
tained, of the same size as that upon the screen, and in its 
erect position, because the rays have not crossed. Accortl- 
ingly, in the practice of perspective, the rays of light from an 
object are always supposed to be intercepted as they converge 
to the eye at some point, as at h, between the original object 
and the eye. Tn the experiment, therefore, the aperture in 
the window-shutter must be considered as representing the 
pupil of the eye, the darkened chamber, the chamber of the 
eye, and the screen the retina, or as a means of rendering 
visible the pictures which the eye receives of visible objects. 
We need not observe, that a larger aperture, with a convex 
glass set in it, would in fact form a camera obscura. and 
a very distinct image would be painted on the screen, at 
the focus of the glass; but the experiment would then be 
less simple, and the direction of tne rays not so evident. 
Without a glass, the distinctness of the picture is sufficient 
to be agreeable, when the eye has been sometime in the 
chamber. 

To consider the foundation of perspective in another point 
of view, let A BCD, fig. 2, represent a house, seen by the eye 
at N. The eye N, is supposed to be opposite the comer q of 
the house; its distance Irom which is equal to N o, and its 
height five feet from the ground. The situation ot the eye 
corresponds to that of the hole in the window-shutter of die 
fi>rmer experiment, and the pictuie of the house formed in the 
eys itself, cerrtsponds to that which the screen received. In 
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this situation, as in every other, straight lines drawn from 
every part of the house to the eye, represent the direction of the 
rays which form the images of those parts respectively, and 
thereby render the house visible. The eye, it must be under¬ 
stood, is considered as fixed upon the point q, directly before 
it, and in order that no sensible deviation may be possible, 
we may suppose it to be looking through a very small aper¬ 
ture in a piece of thin brass 0 . If now a transparent plane, 
for example a pane of glass, KL, be interposed between the 
house and the eye, at a short distance from the eye, the whole 
of the house will be seen through the transparent plane, al¬ 
though the latter is comparatively with the house of very small 
dimensions, because the rays, in proceeding to their point of 
convergence at the eye, have approached each other in a pro¬ 
portion inversely as the distance; that is, at half the distance 
from the object, they only extend over half the space contained 
betw'een the points of emission; at one-fourth of the distance 
from the eye, they only take up one-fourth of the space ; and 
the same proportion holds for other distances. Suppose the 
pane of glass to be within arm's reach of the eye at X, and 
that it is coated with gum-water or isinglass, so as to receive 
the marks of a pencil, without having its transparency de¬ 
stroyed : trace the outlines of the house upon tlie glass, by 
observing and following exactly the direction in which they 
are seen through the small aperture in the piece of brass. 
When this is done, it will be found, that the real or measured 
extents forming the diiFerent external surfaces of the house, 
are representetl by extents modified by the distance and ob¬ 
liquity of these surfaces to the eye—in short, as shewn in the 
figure, a representation of the house, in true perspective, will 
be obtained, in the given situation of the eye. To young per¬ 
sons the difficulty of understanding an explanation 0 ? this 
kind, is occasioned by their indistinct perception of the rela¬ 
tion between the rays and lines from aPreal object, and the 
projection of those lines upon a flat surface, as a sheet of 
paper. It appears confusing to them to say, that the eye is 
opposite the comer a of thfe house, and yet to represent it at 
N, on one side. Unless this difficulty he overcome, and the 
mind can form a distinct image of the direction which the 
lines shewn on paper would have if drawn from a real object, 
perspective diagrams will be contemplated with pain, and the 
remembrance of them will soon be eflaced. We shall there¬ 
fore propose a little experiment, which we recommend to be 
tried by those who feel the difficulty alluded to. Let a small 
model of a house be made of wood, and to every corner of it 
which can be seen in any one situation, affix a thread of silk. 
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two or three times as long as the model of the house is high. 
These threads will represent the rays of light proceeding from 
the corners ABCD,/ k i of the house in fig. 2, pi. I. Let 
the threads be drawn through a hole in a piece of tnin brass, 
just large enough to admit them to be moved freely. The 
hole in Uie piece of brass will represent the eye. Let small 
weights be attached to the extremities of the threads which 
have been passed through the hole in the brass; the threads 
being thus stretched, will form a right line from the house to 
the brass, and the apparatus will be ready for elucidating the 
nature of perspective. While the model of the house remains 
stationary, let the position of the brass be varied, sometimes 
placing it higher, sometimes lower, at different distances, and 
towards different sides, and let the angles formed by the 
threads in each situation, be attentively consiilered, by the 
observer placing himself behind the brass, and supposing 
himself to regard the house as if he saw it through tne hole. 
l.et him, after each remove of the brass, suppose that the 
threads representing the rays of light, without altering their 
direction, were to pass through a sheet of paper, interposed 
at any distance between the brass and the nouse, and he 
would find that by drawing lines to join the points thus ob¬ 
tained, an outline representation of the house would be pro¬ 
duced, and this representation would be in true perspective. 
For any one situation, it would not be a troublesome matter 
to perforate a piece of paper, to be slipped upon the thr(‘ad8 
without distorting them ; and for other situations, a good idea 
of what the representation would be, or in other words, of the 
perspective space between any given points, would be obtained 
oy measuring the openings between the threads at equal dis¬ 
tances from the brass. After the trial and proper considera¬ 
tion of this experiment, it will be easy to form a tolerably cor¬ 
rect idea of the perspemive apjiearatice of any object, or as¬ 
semblage of objects, and not difficult to exhibit that appear¬ 
ance on paper. In perspective diagrams, lines must be drawn 
to represent the rays, the direction of which, in this experi¬ 
ment. is indicated by threads, and as the view of an object 
varies with the point from which it is seen, the situation of 
the eye, both in height and distance, must be laid down upon 
the paper, on which the perspective drawing of an object is 
to be made, unless we propose to look at the object itself as 
through a transparent plane. The question then occurs, how 
shall the position of the eye be designated on paper?—It 
can no way be represented so clearly as by placing it on one 
•ide, as sliewn in ng. 2, or by placing it vertically wneath the 
cffiject to be drawn, as represented m fig. 5, pi. II. 
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By whatever means the representation t u, fig. 2, pi. I, of an 
object A BCD, is obtained, if the outline be accurate, and 
viewed at a proper distance, it is plain it will make an outline 
of ^e same form in the eye as the object itself: and if the co¬ 
louring were equalW perfect, the eye might mistake the figure 
for the original. But even when colours are not employed, 
correct dimensions give the whole a pleasing appearance, and 
constitute the first great requisite to every good picture. 

Having thus endeavour* d to explain the nature of perspective, 
w’c may next advert to the iiiniu of vision. We may consider 
the eye, in whatever direction we look, as situated in the 
centre of a sphere, which we may suppose to be represented 
by the circle EKFL. The luminsphere ELF is behind the 
eye, anti tlrerefore obviously invisible; and it is also certain, 
that the eye, looking forward horizontally to K, cannot take 
in at once the whole of the hemisfjhere I’^KF. So far from 
this, it cannot take in a laiger angle than SRT, wdiich is but 
half a hemisphere, or equal to f>0 degrees. And as the rays 
which the eye tiikes in. e.vtend all round to an equal di'itance 
from the central ray KR, it follows, that the w hole of the rays 
W'hicii enter the eve at ont;e, will be in the form of a cone, of 
whil h the apex is at the eye; and of such a cone of rays, 
SRT may be considered ns the profile. It is, however, found, 
that to have an agreeable tiew of large objects, such as build¬ 
ings, the angle of vihion should not exceed 60 degrees, or 
one-third of a hemisphere; in other words, that we cannot 
distinctly see the whole of any object, unless its distance 
from the eye be at least equal to its height; and the appear¬ 
ance of a picture will be more agreeabk*, if not made to com- 
prcdiend above 45 or at most 50 degrees; indeed, for small 
objects, or such as do not exceed the length of a foot in any 
of their dimensions, it is not advisable to exceed an angle of 
30 degrees. As a picture, therefore, should never comprise 
, more than the eye can easily take in at one tiew, a distance 
of 25 degrees on either side of the point of siijht, may be con¬ 
sidered a standard limit. Fifty degrees, to the eye at R, are 
comprehended in^ihe angle x Rjy; and we need scarcely ob¬ 
serve, that tile measure of an angle, is the space it takes up 
on the circumference of a circle, which has the point of the 
angle for its centre; a circle being always supposed to con¬ 
tain 3C0 degrees. Hence, if the lines forming the angle x R y, 
were extended, the angle v R t would still be only one of 
fifty degrees, because, whatever were the size of a circle drawn 
from the point R, through its two legs, if tfiat circle were 
divided into 360 parts, the number of those parts inclosed by 
the angle could not be more than fifty. 
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We shall now proceed to the defuiitiotiti of the terms uaed 
in treating of perspective, and then shew the method of put¬ 
ting into perspective, those forms which may be considered 
as uie elements of ail others. 


Dtjtnitiom. 


1. An original object, is any object whatever which is ren¬ 
dered the sutnect of a picture. 

• 2. jOrigmatplanes or lines, are tlic surfaces or lines of origi¬ 

nal objects. 

3. Perspective plane, is the surface on which a picture is 
delineated.—It may here be observed, that painters regard the 
frame of a picture merely as an aperture through which origi¬ 
nal objects are seen ; and they therefore consider the perspec¬ 
tive plane to be transparent, to admit of this view, it is on 
this account that the perspective plane is frequently called 
the transparent plane. 

4. Ground plane, is the earth or surface on which stand the 
objects to be delineated, as well as the spectator. 

5. Ground line, is the line on which the perspective plane is 
supposed to rest. 

6. Visual rays, are those which, passing through the trans¬ 
parent plane, render original objects visible. 

7. Principal visual ray, is that which passes through the 
axis or centre of the ewe, and the course of which, therefore, 
from the perspective plane, is shorter than any other, because 
it is perfectly direct. Its height above the ground line is of 
course alw'ays the same as that of the eye. 

8. Point of sight, is that 6xed point from which the specta¬ 
tor looks upon the perspective plane, when any original ob- , 
ject is delineated. 

9. Centre of the picture, is that point of the perspective plane 
which is exactly opposite the point of sight, that is, where the 

f irincipal visual ray enters the transparent or perspective plane, 
t must, therefore, be carefully distinguished from the mea¬ 
sured centre of any picture, as it can never exceed the lieight 
of the from the ground line. 

10. The distance of the picture, or point of distance, is the 
distance between the eye or point of sight, and the centre of 
the picture. 

II. Vemshing points, are those points to which all lines 
indined to the jneture appear to converge, and in which those 
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hues meet, when produced. Vanishing points have no place 
in a finished picture ; they are u.sed to facilitate drawing in 
perspective. 

l!2. The*horizontal line, is a line parallel with the horizon, at 
the lieiiiht of the eye, that is, it pa.sses horizontally through 
the ct'iitre of the picture. 

13. Distance of’ a vanishing point, is the distance from the 
vantshini; point on the picture to the eye of the spectator. 

It inav also he proper to ri niind some, of the difference be¬ 
tween ’A perpentlicular and a vertical line or plane: a vertical 
line points directly to the centre of the earth ; it is therefore 
at right angles to the plane of the hoiizon, and is the same 
with the direction of a ]>liimb-line:—a perpendicular lihe is 
any line which is at right angles to anotiier; it may therefore 
sometimes he a vertical line, s<nnetimes a horizontal one, or 
in any other position, aci’ordmg to the direction of the line 
or surface with which it forms a right angle. 


Methods of putting Squares into Perspective. 

Suppose a squart- to he traced upon the ground at some dis- 
taru'e before us; that we find upon admeasurement, the length 
of each side to he eight feet, and that we are opposite the 
centre of tin- nearest side, at the distance of eighteen feet. 
We know that i( wt* wish to obtain what is called a ground 
plan of this sijuare. we must represent it by a square upon 
paper, as in tig. 4, pi. I, and thus we shall have its real ap¬ 
pearance, supjiosing the eve to be looking down upon it, just 
over its centre. But looking ujion it obliquely a.s we have 
stated, and witli the eye at the height of six feet from the 
ground, we arc cominecd. from the nature of perspective as 
bidore 1 xplaiin d. that the side nearest to us will make a longer 
line upon the ictina than any of the rest; the question is, 
therefore, to olitaiii the true appearance of the whole square, 
that IS, the true form of the image it makes on the retina. In 
the first place, deteimine the scale to be observed, that is, what 
space shall correspond to a foot of the original; for example, 
suppose one-tenth of an inch. Then draw a line AB, fig. 5, 
eiglrt-tenths of an inch long, and another line HD parallel 
with this base line, at the height of six-tenths of an inch from 
it. liaise a perpendicular from the centre of the line AB, and 
the point C, in w hich it cuts the horizontal line, will be the 
centre of the picture. From C, on the horizontal line, set off 
the distance at which the square is seen, which will here be 
ei«^hteen-tenths of an inch, and the point of distance D, will 
be* obtained. From A, draw the line AC; and from B, the 
5(3.—VoL. II. 4 X 
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line BC; then from A, draw the line AD, and to the point h, 
in which AD intersects BC, draw a line g h, parallel with the 
ground line AB; then will A ^ B A, form the perspective<»ut- 
fine of the square required. 

Let it be supposed that the square above described is viewed 
by an eye situait*d opposite one (.»f its corners. Draw’Vbase 
line BL, as before, and on each side of any assumed point k, 
set oft’ half the measured length of the diagonal of the square, 
vix. half the distance between the corners y z, fig. 4. Parallel 
to the base line, at the height of six-tenths of an inch from it, 
draw the horixontal line H, and raise from k, the perpendicu¬ 
lar k C. From F draw the line FC. and from <», the line (iC. 
On t ach side of the centre C. set oft'on the horizontal line 
the points of distance PD, and from each of thcie draw lines 
to the centre of tlie base k; then frtmi a. draw the line a P, 
and from 6, the line l» I), and the diagonal view a bJ k, of the 
square, v^ill be coinj»leie«l. 

We shall gi\eone inor.- < vample respecting squares: suppose 
we have a square {laveinnit, i oinposed ol eijual alternate pu ces 
of black and white marble; the total number of miiiiII puces 
to be 144, and each of them one foot square. Here there will 
be six black and six white pieces on each side of the square. 
Suppose the spectator to sUmd opposite the middle of tiu* 
thiru square on the left, and that for greater clearness the scale 
be two-tenths of an inch to a foot, with the eye five feet almve 
the ground, but at the distance of eightet n feet as beftire. 
Draw a base line r k, and divid** a part ot it into as many equal 
divisions as there are squares on one side td the original, as, 
1,2, 3, 4, Slc. These divisions, by the scale now adopted, will 
each be two-tenths of an inch. Draw the horizontal line at 
the distance of five feet (according to the scale) from the base. 
From tlie middle of the space between 2 and 3, raise a perpen¬ 
dicular, and to the point C, in which it cuts the horizontal line, 
draw lines from the commencement and the termination of the 
divisions on the ground line, viz, r C, and 12 C. From C, 8®t 
off the distance CD, eighteen feet, for Uie distance of the eye. 
Draw the line r D, and from e. where it intersects the line 12 C, 
draw a line e f, parallel with the base line r k: then will rje 
12, the boundaries of the pavement. To obtain the reti¬ 
culations. draw lines from eucn of the divisions, 1, 2, 3, &c. 
on the base line, to the centre of the picture C, and from each 
of the same divisions to the point of distance D. The lines 
drawn from the divisions to C, form the right and left sides of 
the sroal) squares, and the lines drawn from the divisions to D, 
give the points on the line C 12, from which the horizontal 
lines may be drawn to form the other sides of the squares 
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Or, after all the lines are drawn from the divisions on the 
ground line to the centre C, and also the line r D, the remain¬ 
ing sides of the squares may be obtained by drawing parallel 
lines thrdbgh the various points in which the part r e, of the 
line r D, intersects the lines drawn to the centre C. 

It is often thought, by those who are commencing this study, 
that representations such as the one now givt.i, nave no re- 
sembluMce to the originals ; but if they be examined as every 
picture ouglit to be examined, opposite the point of sight, and 
at the distance for which they are drawn, the idea of their in¬ 
correctness will disajipear: to render the illusion the more com¬ 
plete, the figure should be viewed through a small tube or 
aperture, to prevrnt the intrusion of surrounding objects. It 
must alio be observed, that diagrams u[>on paper have fre- 
titieiillv, for the sake of l onvenience, a vanishing point so near, 
that the eye has not the jiower of distinct vision at the dis¬ 
tance for wliuh thev an: drawn. Such designs, therefore, 
althonu;!! correct in principle, mil not appear correct to the 
eye unless enlarged. 

To put a Circle into Perspective. 

The perspective or oblique view of a circle is an ellipse, and 
it is usually obtained by drawing a square of a size just suffi¬ 
cient to contain the circle, and dividing it into small squares, 
then putting the divided square into perspective, and drawing 
within it a line through the corresponding^parts of the small 
squares, and this line will be an ellipse. Thus, to obtain the 
perspective of a circle EFGH, fig. 1, pi. II, draw round it'thc 
square A BCD. Divide the square into small squares, the 
number of which should be increased in proportion to tlie 
exactness with which the perspective curve must be obtained: 
draw also the diagonals, CB and AD. Throw the square and 
reticulations into perspective, as represented in fig. 2. where 
C is the centre oi the picture, and D the point of distance; 
then draw the curve by hand through the parts corre^onding 
to those through which the circle passes in fig. 1. The per¬ 
spective view of a circle w’ill be an ellipse, whether the square 
is viewed opposite the middle of one of its sides, as in fig. 2; 
or even with one of its angles, as in fig. 3. where BC is the 
line of sight; or at a distance on one side, as in fig-4, where LC 
is the line of sight. The point of distance, in figs. 3 and 4, 
is the same as in fig. 2, though in fig. 4 it could not be drawn 
without extending ^leyond the limits of the plate. 
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To put a Triangular Priam into Perspectivt. 

To represent in perspective a trianj^ular prism or solid, stand¬ 
ing vertically upon one of its ends, and viewed by an eye just 
opposite one of its angles; draw by admeasurement a plan of 
the prism, as a 6 c, tig. 5, pi. II. then draw the line (IK. across 
the outermost boundary of the triangle, and make El’ parallel 
with GK. From e let fall the line e d, perpendu idar to CJK. 
On c d, set oti the measured distance of the eye IVoiu the prism, 
and mark the place of the eve as at d. From a and h, draw 
lines meeting each other in J. From d, draw the line d m, pa¬ 
rallel with a r of the triangle, and on the otlier side the line d /, 
parallel with be. From e raise the perpendicular e j‘Xo the 
measured height of the nearest angle of the prism to which 
the eve is opposite. On e f, measure the height of the 
eye from the ground line GK.and draw the horizontal line 
HH. Take the distance c m, set it off on each side from n, and 
it will give the vanishing points VI* and V. Draw the lines e 
VI* and f V. Then from o and p. where the lines from a and b, 
in proceeding to the eye, cut the line EF, draw the lines i> // 
and os, parallel with ej. Draw the lines V' x /. and / ic VP. 
and the perspective outlines, to J x r e z. of the prism, w hose 
base IS equal to the triangle a b c, will be obtained, and may 
be finished by shading it according to the direction in which 
the light falls upon it. This mode of drawing from a ground 
plan is ^extremely useful, and well calculated to shew the dif¬ 
ference between the visual and real dimensions of objects. 
The outlines of the house ABCD, in fig. 2, pi. 1, were obtained 
by it: it should be rendered familiar by frequent practice on 
figures in different positions. 

2b put a Cube and a Ctflinder into Perspeetive. 

As the base of a cube is a square, it may, when viewed as 
in the present example, opposite one of its angles, be put into 
perspective by the same process as the souare in fig. 6, pi. I, 
and figs. 2, 3, and 4, pi. Il, will explain the manner in which 
the perspective of a square, seen in other positions, may be 
obtained. Having then obtained the base, we shall find that 
when H is the horizontal line, PD the points of distance, and 
a b half the measured length of the diagonal of the cube, the 
perspective of the base will be represented by aj dg. Make 
the neight of a e equal to the measured length, according to 
the scale, of one of the sides of the cube, then draw the lines 
e 0 and e P. From and g, draw lines parallel with a e, for 
tite sides of the figure: draw the line « F to a perpendicular let 
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fall from the horizontal line at P to M. From F draw a line 
to any part of the horizontal line, as to L, and draw from M a 
line to njfct this in L. To J draw the line f h, and to d the line 
i d; then from h and /, raise perpendiculars to intersect FL, 
and from the points of intersection draw the lines p I and r k: 
thus will be obtained the perspective outline of the cube kl f 
a g o e. If the cube had not been viewed directly opposite 
one of Its an^es, the points of distance would not on each 
side have coincided with the vanishing points; and the va¬ 
nishing points would have been best obtained as for the trian¬ 
gular prism, fig. o. 

The procedure for a parallelopiped is essentially the same as 
for a cube. To put a cylinder into perspective, first proceed 
as for a culie, or parallelopiped; draw on the perspective of each 
end such an ellipse as it will admit; let the longer or conjugate 
axes be equal, and join the opposite extremities of these axes 
by two parallel lines, as shewn in fig. 7. Having thus obtained 
the pt THpoctive of the cylinder, it only remains to erase the 
lines which belong to the cube or parallelopiped. 

Of Shadou's, and Description of a Machine for drairing 

in Perspective. 

Having now shewn the mode of putting into perspective those 
elementary forms which enter into the composition of drawings 
of every description, we shall be obliged to be concise with the 
remainder of the subject. The student must be aware, how 
iiiuch difi’ereiice of position affects the visual appearance of 
objects, and that by a proper attention to this circumstance, 
the few rules which have been given may be applied to sub¬ 
jects of considerable complication. To acquire a knowledge 
of the principles of perspective, it is recommended not merely 
to compare tlie plates with the printed page; but to copy the 
diagrams, and for the sake of greater perspicuity, to do this 
op as large a scale as may be convenient. Afterwards, some 
treatise especially devoted to the subject may be perused, and 
perhaps Brook Taylor’s and Malton’s may be the best; though 
these authors will require considerable attention, they have 
the merit of being sure guides. 

With respect to shadows, the proper distribution of which 
give such life to perspective drawings, it may be useful to re¬ 
mark, that the shadow cast by any object, covers the precise 
apace which that object would prevent the eye from seeing, if 
tne eye were in the place of the luminous body. The position, 
therefore, of the luminous body, must always be ascertained, 
and the shadow to be assigned to any object in a picture, will 
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be a penipective view of the space which the eye would be 
prevented from seeing if in the place of the luminous body. 
A few experiments wi& a candle at ni^ht will be an easy mode 
of gaining a little acquaintance with this subject; it ftiust, how¬ 
ever, be observed, that the shadow from a candle is every 
larger than that part of the object which intercepts the ^^8 ; 
but in point of breadtli, this never happens with the shadows 
of the sun. The reason is, that tlie rays from the candle consi¬ 
derably diverge, while those from the sun, on account of the 
immense distance of that luminary, have no perceptible devia¬ 
tion from parallelism. It must be remembered also, that strong 
reflections from surrounding objects will diminish the intensity 
of shades; and that not only the quantity of light which fulls 
on an object, but the quaoiity which can he retlected to the 
eye, must be considered. 

As it frequently happens that persons have occasion to draw* 
in perspective, who have acquirtd no theoretical kinovledge of 
the art, for the use of such, a great variety of niachines fiave 
been constructed. Most of these machines me on optical 
principles; the camera obscura, which we have already de¬ 
scribed, is one of them; and the camera lucida is another. In 
praise of the latter, much has lately been said ; but although 
It must be admitted to be a very portable and beautiful instru¬ 
ment, the acquisition of the proper art of using it, is extrerm ly 
difficult to all, and to some impossible. Its chief use will Ixj 
that of affording the means of contemplating the real pers|)ec- 
tive appearance of objects, and perhaps to obtain tlu* position 
of a few points, but lor very minute delineation it is of little 
value. For general use, we may venture to recommend an in¬ 
strument described by Ferguson, to whom the knowledge of 
it was communicated by Dr. Bevis. It has the advantage of 
other machines in two points: it may be constructed at a small 
expense by any tolerably skilful artisan in wood, and the use 
of it will constantly tend to render the practice of perspective 
drawing more easy, by the manner in which it produces the 
measure of surfaces or angles. It will therefore, better than 
nUMt other instruments for the same purpose, supply the want 
of a more extended essay. 

The machine in question is represented at figs. I and 2, pl- 
111. Fig. 1 is a plan, tad fig* 2 a view of it on a larger scale. 
TTi# same letters refer to we corresponding parts in both 
figures. ABEF is an oblong board, and XY are two hinges, 
on which the part CLD it moveable. This part consists 
two arches, or portions of arches, CML, and DNL, 
together at the top L, and at the bottom to the cross bar DC, 
to which one part of each hinge is fixed, and the other part 
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to a flat board, half the length of the board ABEF, and glued 
to its uppermost side. The centre of the arch CML is at D, 
and the centre of the arch DNL is at C. 

On the*outer side of the arch DNL is a sliding piece N, 
(much like the nut of the quadrant of altitude belonging to a 
common globe,) which may be moved to any part of the arch 
between D and L; and there is such another slid'.r O, on the 
arch (^IL. which may be set to any part between C and L. 
A thfead CPN is stretched tight from the centre C to the 
slider N, and such another thread is stretched from the centre 
D to the slider O; the ends of the threads being fastened to 
these centres and sliders. It is plain, therefore, that by mov¬ 
ing the hliilers on their respective arches, the intersection P 
of the threads may be brought to any point of the open space 
within th(*se arches. 

in the groove K, is a straight sliding bar I, which may 
be drawn further out, or pushed further in, at pleasure. To 
the outer cud of this bar I, fig. 2, is fixed the upright piece 
HZ , in which is a groove for receiving the sliding piece Q. 
In this slider i.s a small hole R, for the eye to Iook through 
in usiiiii the machine; and there is a long slit in HZ, to let 
the hole H be seen through when the eye is placed behind it, 
at any height of the hole above the level of the bar I. 

Sujipose a hoiihe, fj s r p, to be at a considerable distance 
beyond the limits of the plate, to obtain a perspective repre¬ 
sentation of It, place the machine on a table, with the end 
EF, of the horr/.ontal board ABEF towards the house, so 
that, when the arch DLC is set upright, the middle part of 
the open space, (about P) within it, may be even with the 
house when the eve is placed at Z, and looking at the house 
through the small hole R; and then fix the corners of a 
square piece of paper with four wafers, on the surface of that 
harlf of the horizontal board which is nearest the house. 

To complete the arrangement of the apparatus for draw¬ 
ing, set the arch upright, as in the figure, which it will be 
when it conies to the perpendicular side T, of the upright 
piece ST, fixed to the horizontal board behind D. Then 
placing the eye at Z, look through the hole R at any point 
of the house, as q, and move the sliders N and O, till the 
intersection of the threads at P, is directly between the 
eye and the point q ; then put down the arch flat upon the 
paper on the board, as at s t, and the intersection of the 
threads will be at W. Mark the point W on the paper with 
the dot of a black-lead pencil, and set the arch upright 
again as before: then Iook through the hole R, and move 
the sliders N and O till the intersection of the thread* 
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comes between the eye and any other point t>f the house, a* 
w: this being done, put down the arcb again to the paper, 
and make a pencil-mark thereon at the intersection of the 
thread as before; obtain the point p in the same manner, and 
dra%v a line from that mark to the one at tr. The lit e p tc, 
thus obtained, will be a representation, in true perspectjvc, 
of the corner p q of the house. 

By thus bringing the intersection of the threafts suc¬ 
cessively between the eye and other points of the outlines 
of the house, as r s, Me. and jmtting down the arch to 
mark the correspomling points on the paper, at the inter¬ 
section of the threads, then cioinei'ting these points by 
straight lines, the entire penspective outline of the hous*- 
will ^>e obtained. In like maiiii<‘r, tind points for the cor¬ 
ners of tlie iloors, windows. Me. and draw the finisiiing 
lines fiom point to point. The perspective drawing thus 
produced, mav then he comph ted, by shading it aeeording 
to the manner in which the light 1 .“ observed to lull on the 
original. 

Cireat care must he tak en, during the whole of the time, 
that the po>ition of the machine be not shifted on the table ; 
and to prevent such au ai-eideiit, the table or su{)(»ort em¬ 
ployed should be perfectly steady, and the machine fi.ved 
down upon it by screws or clamps. 

, It is obvious, that a lamlseape, or any nunibi r of objects 
within the field of view through the arch, may be (i« linealed, 
by finding a sufficient number of points, and connecting them 
by straight or curved line.s, as they appear in the original 
objects. 

The arch ought to be not le.ss than a foot wide at 
the bottom, that the eye at Z may have a large field of 
view through it; and the eye should be then, at least, ten 
inches and a half from the intersection <»f the threads at 
P, when the arch is set upright. H the eye he nearer, 
the boundaries of the view, at the siiles near the foot of 
the arch, will subtend an angle at Z of more than GO 
degrees, which will not only strain the eye, but will cause 
the outermost parts of the drawing to have a disagreeable 
appearance.—To avoid this, it will he proper to draw back 
tne sliding bar I, till Z be fourteen inches and a half distant 
from P; and then the whole field of view through the foot¬ 
wide arch, will not subtend an angle to the eye at Z of more 
than 46 degrees; which will give a more easy and pleasant 
view, not only of the objects themselves, but of their represen¬ 
tations upon the paper on which they are delineated. Hence, 
whatever may be tnc width of the arch, the distance of the 
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eye from it should be in this proportion: as 12 is to the 
width of the arch, so is 14 i to tm distance of the eye (at Z) 
from it. 

If a pane of glass, previously coated with thin gum>water, 
and dried, be fixed in the arch, a nerson who looks through the 
hole at R, may delineate upon the glass, the objects which he 
sees at a distance, and the delineation may be afterwards trans- 
ferrecl.tf) paper. By this means will be saved the trouble of 
puttk*g*down the arch, to take the position of every point, but 
It will not be so easy to obtain a correct representation. 


Of Drawing t«e Hi.man Fifa'KE, and Animals. 

The first attempts of those who learn to draw, should be 
l oilfined to subjects of extreme simplicity. The drawing of 
strokes by the eye with the black-lead pencil, charcoal, or 
chalk, will afford the ino.st proper exeacise. A facility ought 
to be required <»f forming them in every possible direction and 
form; straight, curved, parallel, equidistant, of equal and 
unequal thickness, upw'ards.downwards, and across the surface 
drawn upon. By lessons of tliis kind, command of pencil is 
acquired more easily, and in a shorter time, than by engaging 
at first with complete subjects; nor should the learner be satis- 
tifd, till he can correctly produce every description of line at 
oiici*, and is able to measure distances by his eye with cont.- 
deroble correctness. Those who readily give way to the prac¬ 
tice of erasing lines, or retouching them, can scarcely avoid 
relying on these assistances fo an excess which retards their 
future progress. 

When the student can use the pencil with freedom and 
correctness in drawing lines of every sort, he may proceed to 
the outlines of eyes, ears, feet, arms, hands, and other detach¬ 
ed parts of the human body, copying from drawings, or from 
prints, where drawings cannot be obtained. But from his 
cwmmencement to hi* last step, he should copy nothing which 
he cannot ascertain to be executed in a good style : as a fa¬ 
miliarity with meanness will certainly cramp his genius and 
debase nis style. He should also sketch with a lignt hand, to 
make retouching more easy, and the effect more distinct, and 
nothing should be finished with hs^te. The next step will be 
the drawing of the face, with the same care and attention, and 
combining at the same time the study of the proportion of 
its parts, as Ae knowledge of these will renoer the work 
more easy. The head is usually divided into four equal parts. 
1. From the crown of the head to the top of the forehead. 
67.—VoL. II. 4 Y 
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2, Fitua the top of the foreheed tp the hyehfows. From the 

S ehrowo to the bottom of ^e oOi^. 4. From thd bottom of 
e nose to the bottom of the chui. tthese propoftions muyM 
somewhst deviated from, andl the coontentiice l||dL be a %e 
one} bot for ideel figures of boRdlyi^ they may be oonsidei!^ 
as correct. The ueim direction mt leanung 4o drew faces, 
to drear a conmlete oval, and to molm a Itaa perpeiidicula% 
down the midtlb of it. Through tibeinid^^ mis j^edra# 
a Ime across tim oval from one sido to the other. On these 
taro lines the features of the face hm di4><x><^d aa fcHoirs: 
Divide the line passing through the longer diametir of the 
oval into four eciual parts: i^Iot the first to the hidr of the 
head; the second is from the ton of the forehead to the nose 
between the eyebrows; the ihirti is from thence to the bottom 
of the nose; and the fourth includes the lips and chin. The 
transverse line, or breadth of the face, is always supposed to 
be the length of five eyes; divide it therefore into five equal 

E arts, and place the eyes upon if so as to leave eaacUy the 
readth of one eye between them for a front view j jin other 
positions the distance will be less in proportion as onb eye is 
turned away.-^ The top of the ear is to rise parallel to the eye- 
browa, at the end of the transverse line; and the bottom of it 
must be even with the bottom bflhe nose. The nostrils ouj^t 
not to come out further thmi the eomei; of the eye in ahy 
&ce; and the middle of the mouth must always be pla^M^d 
upon the perpendicular line. The practice of drawing the 
head, as well as all other parts of the body, should extend to 
every variety of nataral pointion, and it is advisable, in all 
the early lessons, to draw upon a large scale. See plates 
III. apd IV. * ^ 

In drawing a full length figure, it is also necessary to be 
aware of the natural moportions and relations of Uie aeveral 
parts to each other. The human figure is usually divided into 
eight or ten equal parts ^ and in (kawing it, these divisions are 
marked, or supposed to be marked, on a line pa|sing down the 
middle of the figure when in an upright peeitionl In the ei|||it^ 
Tdld division, the head occupies the first division, and there- 
fiare the whole fig:afe is said to be divided into heads. In the 
$ 0 si 0 oMi division, which is caUed dividing the %ure b^ facet,* 
fibe ficat dtviaton extends fiom the mrown of the bead to the 
wnder Up, and fwoceeding downwards, the seventh dfivistmoi 
on the bend of the knee; and from tiiettoe to HWi 
.bottom of the heel takm op tiie remaining three. Ibe 
of a wdbptoportioiied figure, is equal to the extent br^eon 
the tlpO o^ the middle fingers, when the arms and* hands are 

in aJiae. The breadth of the body, Jrom 
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shoulder 10 shoulder, is eq^ual to two heads. From the crown 
of the hei^ to the forehead, is the third part of a face. The 
face beg:m8 at the roots of the lowest hairs on the forehead, and 
ends at Ihe bottom of the chin. The face is dirided into 
three proportional parts; the first contains the forehead, the 
secona the nose, and the third the mouth and chin. From 
the chin to the pit betw'een the collar-bones is twice the 
length of the nose; thence to the lowest part of the breast, 
one*TOce; from the lowest part of the breast to the navel, one 
face; tlience to the groin, one face; to the upper part of the 
knee, two ; the knee, half a face. From the lower part of the 
knee to the ancle, two faces; from the ancle to the sole of 
the foot, half a face. The bone of the arm, from the shoulder 
to the elbow, two faces. P'rom the elbow to the root of the 
little finger, is two faces. From the shoulder-blade to the 
hollow %ctween the collar-bones, one face. The sole of the 
foot is the sixth part of the figure. The hand is the length 
of the face. The thumb is the length of the nose, and the 
length of the great toe is the same. The breadths of the 
limbs cannot be in the same manner reduced to a standard, 
as they vary materially with the habits of individuals. The 
most tinished models of the human figure existing, are those 
left us by the ancient Greeks; and these, or correct drawings 
or casts of them, should, with the anatomy of the muscles, be 
carefully studied. 

The human figure is bounded entirely by cun ed surfaces; 
in«ketching or shading it, therefore, straight lines must never 
appear; it is by the nappy intermixture of the curves in 
dinerent directions, that truth of representation must be pro¬ 
duced. In drawing the figure, begin with the head first, and 
the other parts in succession, sketching slightly before any 
part is finished, and the right side of the figure shouid be 
drawn first, in i^rder that the hand may not cover any part of 
what is done. 

In copying the human figure from the life, the eye of the 
•ftist should be at the same height 818 that of the subject. 

To those who wish to draw after life, the human figure 
affords the most instructive and interesting subject that the 
pencil can have. The character of different animals max be 
obtained with much more facility, but still, for those of the 
larger and more noble kinds, it is best to proceed by learning 
to draw their several parts correctly. Some make the drawing 
of animals a preliminary study td that of the human figure, and 
this perhaps may be most proper when the pupil is young, as 
it is easy to obtain a certain merit of resemblance, which in¬ 
vites to flMrseverauce. In drawing birds, the smallest feathers 
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are about ilie head, ajid proceed in ranges gradually tncreaa* 
ing in size to the tail, in drawing ail bird!$ and quadruped#, 
their outline should be completed hrst. and where they form 
the object of the piece, they should have a back>grouud of 
such scenery as they naturally inhubit. 


Of Drawing La ndscapks. 

To most of those who practise drawing for recreation, land¬ 
scape-drawing is the most attractive and frequent exercise. 
The principles of perspective, so far as respects the diminution 
of surfaces by oblitjuity and distance, govern.s e\ery kind of 
drawing; in drawing from animated nature, however, there is 
little scope for shewing its importance ; but to buildings, ex¬ 
tensive views of countries, and other most usual oBjects of 
landscape-painting, its principles have st) direct an applica¬ 
tion, that the previous acquisition <d’ it becomes almost the 
only sure hanumaid to success. Habituated to the prece^)t8 
and practice of perspective, the eye becomes more accurate, 
and requires hut little assistance in taking the just propor¬ 
tions ot objects in a landscape. 

In order to facilitate the visual measurement of objects, it 
may be useful, in copying drawings or pnntr». to suppose the 
original divided into squares, and the copy in like inaiiuer : 
or at least to suppose, in the original and copy, a hon/.oiitai 
line, and a perpendicular crossing its centre ; then to make 
the copy correspond to the original in ail it?* parts witli re¬ 
spect to’ these lines, it is also proper to observe, that when 
any design is copied, it should never be allowed to lie hori¬ 
zontally on the table upon which the artist is employed ; be 
cause he cannot, in that position, correctly estimate its pro¬ 
portions. It should be si t up vertically, so that its jioint of 
sight may be directly opposed to the eye, and its di.stance 
equal to that for which it is drawn. 

In drawing a landscRpe from nature, a position on rising 
ground should generally be preferred, provided it commaiidH 
an equally pleasing view of the objects to be delineated as a 
different situation. Divide the space designed for the piece, 
into three parts, and suppose the original scene to be divided 
in like manner. Then draw that part xj( the landscape first, 
which belongs to the central division of the picture, after 
which, by turning the head, but not the body, draw the sub 
jects on the right and left, and connect them justly with it. 

It is true, that nothing, according to the principles of per¬ 
spective, ought to be comprised in a picture, but what the eye 
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can take in at once; and the direction just given for moving 
the eye, is not intended to oppose this principle. It arises 
from a circumstance of which any person may convince him¬ 
self; although the eye will take in a vei^ large landscape, and 
the whole of it appears distinct, yet it is only the involuntary 
and rapid facility of turning the eye to each part that renders 
it so; what the eye sees distmctly at once, is comparatively but 
u sptiq^. in the vast scene ; and therefore it must necessarily 
turn*^ difl'erent parts, or they could not be seen with the dis¬ 
tinctness necessary to draw them, although the same effect only 
must be produced as if they were viewed from a fixed point. 

The lights and shades of^ the landscape must all fall one way; 
the effect of wind must also appear in one direction, and its 
eflVcts must be every where proportionate to each other; the 
surface of the water must be rufiied; and the small boughs of 
trees must show more of its effects than the larger; in places 
also situated near the sea, it will be observed that the trees 
usually lean from it. 

In no part of a landscape should the lines have the appear¬ 
ance of havipg been drawn by a ruler, although a ruler may 
have been used in drawing some of the outlines. To avoid this, 
and to give the appearance of freedom td the whole piece, a pen 
should never follow the black-lead, but the hair-pencil only. If 
the student have allowed himself to daub with the lead any part 
intended to be leftnearly w'hite.hehad better take out that part, 
and make a single good line. W hen the lines are drawn with 
sufficient delicacy, they all disappear under the use of the 
camel-hair pencil, and the piece has a softness correspondent 
to nature, and always observable in a camera obscura. 

The characters of the trees introduced into the piece, should 
be carefully studied, and accurately expressed; which can only 
be done by a real knowledge of their mode of growth, with 
respect to their contour, disposition of their branches, the 
smoothness or roughness of their trunks, the darkness or 
lightness of their verdure, and the clustering of their leaves ; 
aKvays remembering, that as the lafgest leaves cannot be 
distinctly seen at the distance of a few yards, they must 
never, when at the distance perhaps of miles, appear as if 
they had been counted. The fertility of climate in which 
the landscape is taken, the season of the year, and the time 
of the day, will all contribute to diversify the appearances 
which must be noticed. * 

The finest picture of inanimate nature appears dull and 
cold, without some assistance from the presence of living 
objects, as groups of cattle, or other animals, or human 
beings. 
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Of Dbawinc Flowers. 

In drawing flowers, the centre should be draw'll first, as 
by spreading outwards, the graceful and ever-varying forms of 
nature, in every stem and leaf, may be more easily expressed, 
in the subsequent operation of colouring them, they require 
much more attention than landscapes, to produce a and 
accurate efl'ect; but not an equal degree of skill and experience 
to produce a beautiful whole. All stiffness of outline must he 
sedulouslv avoided ; the tints laid on extremely thin, and the 
purity of the colours preserved as much as possible, by a dis¬ 
tinct pencil for each of them. In this kind of ilrawing, as in 
every other, the first lessons should he obtained by following 
the draughts of the most skilful masters, eomnuriiiLj tlieir pro¬ 
ductions at the sami“ time with nature. As tiower-pieees are 
inspt‘cted with almost microscopic attention, the fibres and 
figure of every leaf uiust be distinctly exjiressed.- f lowers 
whiph do not blow at the same season of the year, should 
never be grouped together. 

Of Lioiit AM) Shade. 

It is by a proper distribution of light uiul shade upon a cor¬ 
rect outline, that the eye receives from a plain siirfaee the idea 
of solid substances, or substantial forms, toge ther with their 
relative distances, and true situation. The fiist point is, to 
consider in what direction tlie light falls upon tin; oh|i‘ets 
drawn, and all shadow s must of course fall one way, and from 
the light. That part of the piece which js nearest the quarter 
from which the light conie.s, must be the briglitest, and llie re¬ 
mainder must be gradually darkened. Surfaces w hich project, 
being nearer the light than others, mu.Ht he sharp and w'ell 
illumined, where the enlighieneti side can be seen. The faintest 
part of the picture should be put in first, procei ding gradiiaUy 
to the darkest. All the shades should be rather loo light at 
first, that they may be worked up gradually to the full effect. 
All strong lights must be relieved by deep shades; but it must 
be remembered, that strong reflections diminish, and always 
soften, the shades cast by the original light, so as in some 
instances to make the side of a body which retires from the 
light, brighter than a nearer part. It is by the reflection of 
received from the sky, or terrestrial surfaces, that the 
darkest part of cylindrical and globular bodies is not that 
which is the most distant from the original light; and from 
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the peculiar nature of the reflection from such surfaces, when 
the light falls on one side of them, the lightest part is not 
always that which is nearest the light. In leading an upright 
round piHar, for example, a small portion of the side nearest 
the light, supposing the light to come from one «ide, should 
be a little shaded, the next portion should exhibit the strong¬ 
est light, which in water colours will be the colour of the 

} )ape A'^ ft untouched ; then will come the deepest shade, and 
astly a shade for the further side somewhat aeeper than the 
one on the sifle nearest the light. These shades, imperceptibly 
blending with each oth<*r, will give the idea of a round body. 
Titian declared that the best lessons he ever received on the 
distribution ol light and shade, were derived from studying 
and drawing bunches of grapes. 

In judging of the merit of their paintings, painters frequently 
make use of a mirror, in which tneir piece ought to have the 
same appearance as the objects it is meant to represent, sup¬ 
posed to be seen at the same distance. 

Aged countenances require more shade than those of young 
people, bi cayse they are rugged and wrinkled, and the whole 
compIeMon is darker. The hair of the head requires much 
sliade, because, b-om its numerous interstices, a large portion 
of the light it receives is lost; and the«ame remark applies to 
foliage, and similar objects. The smooth surface of a stone 
building, is much relieved by the shades of tlie windows, and 
of mouldings, as also by marking the joints of the masonry. 
In a near view, there will be a ditference in the shade of dif¬ 
ferent pieces of stone. 

The silvery brightness of water is difficult to produce, and 
requires (he fullest light, with a strong contrast from surround¬ 
ing objects. Foam and w aves require an intermixture of strong 
light and shade, which renders them more easy. 

In shading clouds, tliose at the top of the piece, which are 
nearest the eye, are to he made the darkest, gradually making 
tliem lighter and more faint towards the horizon. 

•The outlines of those jiarls of objects, which are strongly 
illumined, must be small and faint; while the outlines of those 

[ larts which are in the slnule, must be broad and full. Oiit- 
ines must also he further modified by the distance of objects, 
in order that the ha7.ine§s, indistinctness, and total loss of parti¬ 
cular lines, which distance occasions, may be exactly imitated. 

Shadows ought rarely to be terminated by well-defined 
lines, hut should be softened at the edges, and mingled in 
some degree with the ground or surrounding light; this effect 
should be more fully produced, as the distance ofthe shadow 
from the body which occasions it increases. The greater the 
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distance also of bodies from the eye, tht; more indistinct must 
their shadows be. 

The proportion of light and shade, which the practice of the 
most eminent artists has most frequently Haucti()r,od, is one 
part of deep shadow, one part resplendent, and two parts half 
shadow or middle tint. But to produce a fine etieef, there 
should always be some principal mass of lii;ht, whii h should 
seldom be in the middle of the piece, because it woiiUl \.here 
in most subjects have too much the appearance of artifice; nor 
should it be entirelv on one side, because part of its etfect 
would be lost bv the want of a surroundinti shadow. In ge¬ 
neral, the strongest and principal mass of li<;ht should be 
placed near the middle of the piece, the deco shadow near it, 
and a lartje proportion of the middle tint at the extremities on 
either side. Sir Joshua Reynolds, in Ins travels, when he ob¬ 
served anv fine paintings, remarkable tor their clnaro-osctiro, 
(the Italian words tor the li^ht and shafle of pictures.) copied, 
without anv reirard to the subject or the draw me; of the fiL'-iires, 
the cp-adations of shade, and left the paper w hite for the stnine 
lights. Bv thes<‘experiments he generally found the proportion 
of light and shade to be nearly what we have stated, and that 
such a blotted paper, when viewed from a biiitabb* ilistance, 
had something excellmit in it, although nothing could be dis¬ 
cerned of the nature of the subject, or ol any <ielinite figures. 

Or Duapeby. 

The judicious execution of drapery requires the strictest 
attention to the form of the body which it covers, and to the 
texture of the cloth itself. Some artists, to prevent draperies 
from misleading them, draw their figures without drapery, 
and then clothe them. The principal folds are- to he ilrawn 
first. The finer the stutF, the more numerous and the smaller 
its folds must be made. The mor<- remote any part of the 
drapery is from the place of constraint, the more perfectly it 
will have returned to a straight hanging position ; and the 
smaller and the more numerous the folds, the sooner they will 
terminate. The drapery should never apoear to keep the per¬ 
son under any kind of constraint, and those deeo shadows, 
which would appear to the eye like hpilows whicn penetrate 
the limb, must carefully be avoided. Where a figure, or any 
part of it, is fore-shortened, the drapery must appear more 
tumefied, and in more nnmerous circular folds, than in the 
same limb at length. If the figure be in motion, the loose parts 
of the drapery will, according to the degree of that motion, 
be more or lest inclined, in a direction contrary to the motion. 
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as if it were impelled by wind. Persons of rank should have 
ample and rich draperies; those of ladies and nymphs, should 
be characterized by lightness and softness; peasants and beg¬ 
gars have^hort, coarse draperies. Folds consist of two shades, 
and no more, the inner side being shaded the deenest. An at¬ 
tention to the correct display of draperies, will show the impro¬ 
priety of excessive masses of black, as a black garment must 
be sliaded by black. The shades in silk and fine linen, are 
thick,'small, and soft, and they require a light shadow. 

Painters who have much occasion to draw draperies, fre¬ 
quently provide themselves with a figure called a layman, which 
vs made of wood, and jointed in sucli a manner that it may be 
placed 111 almost any position the human body can assume. 
vVheii this figure is i-loilo-d with the tlrapery' required, and set 
in tile position to be depietetl, it affords the painter an opportu¬ 
nity of studying the drapery at liis leisure, of which the living 
subjeet wiMild not admif. Assistance may certainly be derived 
from the use of a layman, but if the painter relies upon it gene- 
lally, instead of endeavouriiig to fix the fleeting but impressive 
forms communicated bv the gestures of passion in real life, 
be will 1 )e apt to acquire a niaiiiier incurably frigid. 

Or Mkchanu Ai. Draw ino, or Copying. 

't 

The student who wishes to study drawing thoroughly, must 
equally learn to copy jirints, and drawings, and nature, by the 
eye , but many may be able to shade a draw'ing agreeably, 
bf'fore they have made this proficiency, or who nave no dis¬ 
position to make it. but only wish to conquer the difiiculties 
of forming an outline, for a purpose of utility. For such per¬ 
sons, and for use m all cases, where the precise imitation of 
the copy is of more consequence than any other circumstance, 
various means have been contrived to facilitate copying. We 
shall mention the most useful. 

• Oj'eniarging and diminishing hi/ squares. 

Divide any draw ing or print to be copied into small squares, 
by ruling it with equidistant lines at riglit angles to each other. 
Divide the paper on which the copy is to be made into the 
same number of squares, and numbertne squares, in both pieces 
alike, by figures along the bottom and on one side, in order 
that the corresponding squares may be the more easily referred 
to. Draw in each square of theeurface intended for the copy, 
exactly the same portion of the design which the original con¬ 
tains in the corresponding squares, and the copy will be com 
57.—VoL. II. \4Z 
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pleted. This contrivance afl'ords the means of ntakin^ vt-ry 
accurate copies ; the greater the accuracy desired, tl»e smaller 
must the squares be madat. 

If the copy is intended to be lars^er than the orii^inal, (ho 
squares must be ma<le larger; if let^s than the original, tho 
squares must be made less; and t!>e procedure afterwards will 
be the same as before. In plate III, where the proce.«is is 
exempUAed, Ag. 3 or 4, may therefore be considered pj}licr as 
the original or the coj>y. 

If Ane lines be drawn across an original, with a soft pencil, 
they may be erased without injuring it; but as it mav often be 
desirable to avoid making lines upon a valuable original, lines 
may be drawn w ith a diamond, or w ith lamp-black gromul with 
gum water, ujion a pane of glass of suHieient size. 3'he glass 
may then be laid upon the original, and the lines will answer 
the same purpose as if they had be« n drawn upon it. 

Another method to avoid marking the original, is; to have 
a frame with threads stretched over it in squares, which may 
be placed against th<; original, lu the same manner as the 
glass just mentioneil. 

The Pente^rnph, 

The pentegraph is an instrument sohl by the mathemadcal 
instrument-makers; it equally answers the purpose of enlarg¬ 
ing, contracting, or drawing* of the same size as an original, 
but it requires the original to be traced by a blunted jjoint, 
which is not always an admissible praeliee. When this is no 
objection, it is very convenu nt for cojrying rom])b’X desi<gns; 
where long, straight, or parallel lines occur, the tracing point 
may be guided by a ruler. The usual price of the instrument 
is two guineas and a half, made of brass, and graduated in 
such a manner, that the rediiclion or enlargement of lln* oii 
ginal, may, within certain limits, be marie in any dt grec re¬ 
quired. It should be used iqion a smortlli and level table, or 
a true design cannot be obtained. 

Traci/i" against the Tight. . 

This mofle of copying is famjliar to almost every school-hoy. 
It consists in holding up tho rlesign intr*n<led to be cojiied to 
the light, a.s against u jrane of glass in a w indow, and placing 
a piece of papf;r designed for the (;opy upon it, the lim-s which 
are seen tnrongh the [luper are traced with a pencil. The 
vertical position rif tin* glass being irksomo, this mode of 
copying may be better executr d by. having a pum* of glass 
pi t into a separate fmiiu'. then placing it in an inclined posi¬ 
tion, like a ilesk, with a candle at a suitable distance iinder- 
iif ,ith it, to aA'oril the liglit for tracing. 
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Tracing upon transparent Paper. 

If thin paper In* reiulcred transparent by means of oil, every 
line of any cfcsi^n upon whieh it is laid, may be distinctly seen 
through i4, and traced upon it vvitli the nicest accuracy. Trans- 
jiart'iU jiapor is usually prepared, by brushiuoj ov( r thin wove 
wntiuLC paper with a mixture of ecpuil parts of spirits of turpen¬ 
tine and tlr\ iii'j; linseed oil. Thecoatinn; ns very thin, but it com- 
munif^^es to the jiajx r. with a hi' 4 h de^^ree of tran.sparency, a 
pliabdity w Inch i iialde.s it to bear creasim^ w ithout injury. Ca- 
thery coinmuniCHled to tlu' Societv for the iLneoura^enient of 
Arts, &e. the follow itnj; ri eipe, a^ an iin[)roveinont in the mode 
of prepariinj: transpan nt paper. Take one quart of the best rec- 
tilied sjurit.s of turpentine, aiul put to it a quarter (tf an ounce of 
sugar of lead finely jiow’dered; >>hake it up, and let it stand a 
day and a night; then jiour it olP, and add to it one pound of the 
best (’anada baKain, set it in a ntle sand lu'at, and keep stir¬ 
ring It till it is quite mixed, when it w ill ix* fit I'tvr lirushtng over 
the paper, which in about four da\s will lx- fit for use. Paper 
thus prepared takes the maIk^ of the poncil bt tter than the coiu- 
nion kiixi, but It IS more apt to turn vellow ; and tii(“ coating 
f(»rms a brittle \arni-'li. winch b‘a\es an indelible mark if the 
pajn i be creased, or if a line point be used upon it; hence it is 
not on the whole preferable. The paper rendered transjiarent, 
is t:eiu rally that winch tlie statioueis call bank post; but where 
great nic« tv is required, tissue pajx r. which is still thinner, will 
be pioper. Ix foie It Is liriislied over with the mixture, nfter 
lia\ inu txa n made slightlv rlainp bv l.nnig it on another damp 
shet t o| strong papi r. it should be pasted by the edges upon 
a tranie, and sufiered to drv. \\'hcn jnijiared and dry, it 
niav lx ruled or written i»u with a j»en, if tile ink be mixed 
with a little ox-gall. 

Tiacing With cn/onicfi Paper. 

Take soim* hard se>ap tind lamp-black, and mix them with 
water to the cuusisteiice cd' a jelly. Prush over one side of 
anv thin smooth kind of pape r with this composition, and let 
if div. Place the colourc cl''side of this jiaper upon a clean 
islu el, on a smooth table; “Over both tlu'se lay any design to be 
ccqiied, and traei' its outlines with a metallic or iv»ry point 
just suHicicntly blunted to jirevent its cutting the paper. The 
coloured paper, wherev»'r it is jnessed upon by the point, will 
make a mark on the white sheet it covers ; and tlie lowermost 
sheet will by this means receive the whole design. 

Instead of lamp-black, black-lead, vermiliion, or any other 
colpnring matter, may be employed. 

In every kind of tracing, the dilferent jiapcrs which are 
emyiloyed upon each other, should be fastened together by 
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wafers, or by doubling the edges of one pa{>er ov«r the other,, 
and pasting strips to unite these edges at the back; otherwise 
they will apt to get disarranged, and a loss of time will be 
sunered in recovering their position. 

StencU/ing, 

Prick the outlines of the design to copied with small 
piigholes, very near to each other. Place the design thus prc- 

S ared upon a clean sheet of paper, and dust it over wi»,h pow¬ 
ered charcoal from a muslin oag. The charcoal will pene¬ 
trate through the pin-holes, and upon lifting up the pricked 
paper, tlie design will be found upon tlie ^leet beneath it 
The pricked paper will serve many times. 

This mode of obtaining copies of designs is useful for ladies 
w'howork flowers upon muslin. The design which is pricked, 
may, it is obvious, either be an original, if it be thought proper 
to sacrifice that, or a copy made w itli tracing paper. 


OF PAINTING IN OIL. 

Having treated of the general principles of drawing, we come 
now to treat of the various styles and materials einpioye«l to 
produce the full eflVct of light ^nd shade. This part of the 
subject includes Painting in Oil, Painting in Water-colours, 
Pafflting in Crayons, i^aintmg on Glass, and several other 
varieties of painting not in general use. We shal| treat in 
succession of the branches oi art we have mentioncjd. 

Of the Cololks r.MPi.»>YEi> in Oil Paintino. 

The colours employed in this, as in every other branch of 
painting, where the eHVct is to be the best that can be attain¬ 
ed, must be pounded and levigated to an impalpable powder. 
The finest particles of mineral colours are generally separated 
by washing; which is performed by putting the rA)lour into a 
vessel containing water, througii which it is diffused by stir¬ 
ring; and when the whole has stodfl a sufficient time for the 
coarse pUrticles to subside, the water with the remaining otit 
suspenaed in it, is poured into another vessel, and left till it 
falls to the bottom. The product of this first washing, if not 
sufficiently fine, js washed once or twice more. When freed 
from the water by drying, the colours are ground up with oil, 
and preserved in bladders for use. The grinding slao and mul- 
ler snould be made of the hardest atone that can be obtained.' 

Linseed oil is used for common purposes; but the darkness 
of its hue renders it injurious to light colours; not-oil is loora 
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transparent# works more smoothly, and therefore is much to 
be preferred; it klso resists more ed'ectually any injui^r from 
exposure to the air; but poppy-oil is in all respects, except in 
price, pr^erable to any other kind ^ it should always be used 
for fine work. 

Sometimes tlie ojl» with which colours are mixed, are ren¬ 
dered drying, by boiling them upon the oxide of lead. This 
is d<f>n^ior work which is to be hastily finished,'and is only 
fit for productions designed to answer a temporary purpose, 
as their beauty is apt to decay in a short time, by the scum 
which they inevitably acquire. 

In all cases, the artist should use his colours in the simplest 
state possible. Simple colours are brightei* and more durable 
than compounded colours; and of compounded colours, those 
are best which contain the fewest ingreaientsto produce the de¬ 
sired effect. Crystallized colours should be deprived of as much 
of their water of crystallization as their nature admits, before 
they are mixed with oil: this is done by exposing them in the 
state of fine pow der, to the heat of a stove, or that of the sun. 

Colours are generally purchased for painting ready pre- 
paied, put up in bladders; and it is of great consequence to 
c)btain those prepared by persons who are not only honest 
but skilful. Strachan’s colours have been found to possess 
most desirable qualities; and his great experience and skill 
as a chemist, entitle him to confidence. 

Jieds. 

Vermilion is a bright scarlet; it is a chemical compound of 
nfercury and sulphur, see page 372, of this volume. The finer 
it is washed, anti the more complete its levigation, the paler 
and more beautiful It becomes. Stands tolerably w ell if per¬ 
fectly pure. 

lied lead, or minium, a red of an orange tinge. Very liable 
to turn black. * . 

Indian red, an ochre brought from the East Indies. In 
shade inclines to purple. Works freely, and stands w’ell. 

* Colcothar, the red oxide of iron, obtainsd by the distillation 
or calcination*of sulphate of iron. It is off«n called common 
Indian red, but inclines to scarlet instead of purple. Stands. 

Venetian red, a coarse ochre, chiefly used in house-painting 
to imitate mahogany. 

Spanish brown, a native ochre, still coarser than the above. 

Burnt terra di Sienna, is raw Sienna, calcined till it becomes 
red. It has an orange shade, is not very bright, but is valued 
for its semi-transparency, smoothness, and durability. 

Red ochre, is yellow ochre, calcined till it becomes red. It 
is not very bright, but, like all Uie ochres, it is durable. 
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Jied chalk, is mostly used as a crayon, but atands well in oil. 

Lakes are usually prepared from cochiueal,precipitated by a 
solution of tin: or from the scarlet rags dyed witli cochineal, 
and boiled in a lixivium df potash deposited upon euttle-dsh 
bone: or from the extract of Brazil-wood deposited upon 
chalk, which forms the common lake called rose-pink. Dur¬ 
able and beautiful lakes are now prepared from maddeY. by 
Sir H. Englefield’s process. Lakes are transparent jn.«oil; 
and as carmine does not work freely with thi;| vehicle, they 
are the only substitute-s for it. 

Yellows. 

Kirig^s yellow is a chemical combination of .sulphur and 
arsenic, and a strong poison. It has a deep rich colour, but 
is not durable, nor very often used ; and, like all arsenical 
compositions, the use of it iiiav not only endanger the health 
of the artist, but will injure (»t]ier colours. 

yitiples yellow is prepared from lead and antimony. It is 
much used, and stands tederably well: but no iron must touch 
it, as the contact of that metal will change it to black. 

Yellow ochre is a native earth. Sonn* specimens are very 
bright, and all are durable. When tinely levigated and wa.shed, 
it is therebire much u.sed. as it works verv freelv. 

Masticot, or yellow oxide of lead, a dull colour, but stands well. 

Vnhurnt terra di Sienna is a brighter and deeper yellow 
than most of the other ochres, 

Turbith mineral is brighter and cooler than any other yel¬ 
low, except king’s vellovv. It works like vermilion, which it 
resembles in its strength of colour. 

nines. 

Ultra marine in the nchest and brightest of all bluc.s, perfectly 
durable, and in oil transparent. It is pn pared from lapis lazuli. 
and is sold at the Ib^h price often guineas per ounce. It fine, 
it will bear exposure to a*red heat without changing its colour, 

Prussian bine. Its quality is finer in proportion as it is bright, 
deep, and cool. The sooner it is used after grinding, the moie 
freely it works, ahd the better it appears. Stands. 

JBlueverditer. is obtained by adding quicklime to a solution of 
copper in nitric acid, and mixing up tlie precipitate with a small 
portion of quick-lime. It is a full blue, moderately bright, but 
devoid of transparency, and liable to turn greenish or black; 
this tendency is sometimes checked, by using it with white. 

Smak is a powdereil glass obtained from cobalt. It is 
strewed upon any ground colour before it is dry, and forms a 
shining surface of a purplish colour, sometimes used as a 
groitno for signjs and large sundials. 
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Hice consists of smalt finely levigated. It is rather lighter, 
but its texture prevents its being in request, although durable.' 

Indigo is the deepest of ail blues, and very durable. The 
darker aitd brighter it is, the belief its quality. Guatiinala 
indigo is the most esteemed. 

Greens. 

Verdig ris i.s an oxide of copper, prepared by means of a 
veg^aWe acid. The best has, a full blue green colour, and 
somewhat of a crystalline texture. .It is changed to a grass 
green by the additiiui of a yellow colour. 

Jirunsiriek green, coininonly called mineral green, is copper 
dissolved ifi u solution of muriate of ammonia. 

Terra ver/e isii native blue green ochre. It is semi-transpa¬ 
rent, durable, hu* not very bniiht. Its texture is coarse, and 
therefore it riHjuires, like all the other ochres, careful wash¬ 
ing and levigution. A very bright kind of this earth is found 
in Hungary. 

H iiiles. 

Flake u'hile is an oxide of lead bv a vegetable acid. The 
lu st comes from Italy, where the acid of grapes is employed 
to prepare it. It is very pure white at first, but changes in 
time almost to black. 

White-lead, or cenise, is the white oxide of lead prepared 
m this country with vinegar. Its colour i.s inferior to the 
above, and it lades sooner. 

Zine white, the white oxide of zinc by the sulphuric acid, 
precipitated by super-tartrate of potass. Stands w’ell, and 
works freely. 

Whites should be mixed with the clearest oil, and as they sink 
into the ground, awhite*^round is particularly proper for them. 

lilacks. 

Lamp-black is of a brownish hue, but mixes well with oil. 
Its quality is determined by its lightness and fulness of co¬ 
lour. It dries slowly, but may be improved in this respect 
by calcination in a closed crucible. ^ 

Ivory black is prepared by the calcination of ivory and 
bones in close vessels. It is a valuable colour, when pure, 
arid properly levij^ted. That from ivory is the best; the 
other being reddi^i. It is often adulterated with charcoal, 
which gives it a blue cast. It is used for shading blues, and 
with white lead for a pearl gray. 

Blue-black is made by the calcination of’tine-stalks or ten¬ 
drils in close vessels. Peach-stones and cherry-stones, burnt 
in the same way, also afford blue-black, which, with white, 
produces a silver white not otherwise obtainable. 
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Brottns 

Brown pink is the colouring mutter of fustic or French ber¬ 
ries, tinged by the udditiou of peurl-ushes, and precipitated 
upon chalk, or cuttle-fish bone. It is trau.spareiit, but not 
durable. 

Umber is a light brown ochre; by a slight calcination ija co¬ 
lour is darkened; if inclosed io an iron box, when heated, the 
colour becomes more mellow. SStands well in both states. 

Aspholtum is a brittle, bituminous substance, of a deep 
rich brown colour. It is dissolved in spirits of turpentine, 
and is semi-transparent; it ia therefore used for glazing, and 
instead of brown pink. * 

Prussiate of copper, a very fine brow'n, see^page 383 of this 
volume. 


Compounded Colour*. 

A&h colour. —A mixture of bla< k and white. 

Batf colour, —A bright red, with a little brown or black. 

Carnation colour. —Lake and white. 

Crimson. —Lake, with a greater proportion of white than 
the last. 

Flame colour. —A bright red and full yellow. 

Flesh colour. —Red, yellow and white, according to the 
shade required. 

Hair colour. —A light and dark yellow, with browrn, black, 
and white. 

head colour. —A deep blue and white. 

Lion-tairnejj. —Deep red and yellovs* united with brown. 

Orange. —Bright red and yellow. 

Pink. —A light red, with a little white and yellow. 

Purple. —Blue and bright red. 

Russet. —Black and white. 

Scarlet. —A bright and dark red, as vermilion and lake. 

Sea-green. —Yellow' and light blue. 

Sky-colour. —For the lowest part of a serene sky, light yel¬ 
low and white; for the next portion, light blue and white; and 
the blue alone for the highest portion: all the colours to be 
imperceptibly blended into cacn other. . ^ 

, Water-colmtr. —Blue and white, heightened with White and 
ahaded with blue. 
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Implements useij in Oil-painting. 

• 

Panels are thin pieces of hard wood, ivory, or any other 
light material, upon which are disposed a smail supply of 
each of the colours for immediate use. They are usually of 
a shape nearly oval, amd on one side contain a hole for the 
-ihumo to pass through in holding them. , 

The pallet-knife is mostly a thin well-tempered blade of 
steel, for mixing up the colours upon the pallet. An ivory 
one should be at hand for Naples yellow and other delicate 
colours, which steel might injure. 

Pencils are eillier camel-hair pencils, or those called fitches. 
The former have been noticed before; the latter are also in 
general made of camel’s hair, but are much larger, and put 
into tin tubes. 

Tools are made of fine bristles, bound round a stick. They 
are of various sizes, and have a greater degree of stififness 
than camel’s-hair pencils or fitches. 

The easel is a frame for supporting the picture. It is varied 
according to the fancy of the artist; but in general it has three 
straight legs, which open out and stand triangularly, and the 
painting is supported on the upper part of two of the legs, by 
pins which are moveable, and can be supported at equal and 
convenient heights in these legs. For small paintings, a piece 
of board is easily laid across the easel. 

A mall-stick is a slender rod of wood, with a ball of cotton 
or some other soft substance at the end of it. It is intended 
to support the right hand, by resting the ball of cotton upon 
the piece, which, from its softness, it will not injure. Th< 
best artists generally decline the use of it, as it hinders the 
perfect freedom and command of pencil; but for coarse work , 
it is useful. 


P^rogr’ess of a Picture. 

Oil-paintings are generally executed on canvass, which 
should be strong, hut not very coarse, and rather close in its 
texture. A kind of ticking has lately been much used, and 
linen is very suitable for small pieces. The first operation iff 
to prime the cloth, which consists in covering it with a smooth 
coat of any colour. The particular tint of Uie priming is of 
little consequence, provided it is not dark, and is composed 
of a colour not likely to injure those laid upon it by a chemical 
57.— VoL. II. 5 A 
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action. Ochres make the safest priming, and for ordinary 
work their cheapness is a recommendation. . 

In the subsequent management of the picture different artists 
follow different methods; but it will give a general v»ew of the 
subject to observe, that the outlines of Uie figure may he 
faintly sketched with white chalk, and afterwards more cor^ 
reotly gone over with lake, or some other thin transparent 
colour. In tlie next step, the larger 'parts are laid in «vith 
their proper colours, lights, and shades. Some judgment 
may now be formed of the piece as a whole, and great care 
should be taken that cvqry part be accurately expressed. 
Some of the colours, it will probably be perceived, must be 
kept down, others heightenecl, and some of the tints changed. 
In the next or finishing process, force and relief must be par¬ 
ticularly studied. Freshness of tint must be given to the 
carnations, or flesh-colour; where much pains has been taken, 
a few smart touches may conceal the api)earunce of it ; all the 
large shadows should be thin of colour, but nearly of the same 
tone, according to their situations ; the lights should be dis¬ 
tinct, bold, spirited, and will be more durable, if loaded with 
colour. 

The picture should be frequently view'ed at the distance for 
which it is intended, and its full eih et ought to be observable 
at that di.stance ; when the light in whitm it is to be placed 
can be ascertained, it should be adapted to it. 

In painting landscapes, it is usual to begin about the centre 
of the.piece ; working upon the sky first, and advancing from 
the distance to the fore-ground. Whatever forms the back¬ 
ground to an object, should be treated before the object 
Itself, to spare the trouble which would be occasioned by 
painting round the object. 

To complete a well-coloured picture, it should be warm and 
mellow: by the first term is meant, a certain moderated resem¬ 
blance to the effect of sun-light, which being always yellowish, 
and more or less glowing, indicates that choice of colours, as 
allied to warmth : if we consider yellow as warm, green is not 
80 w'ann, because it approaches to blue, which is the coldest 
of all colours, and is by this property rendered the most dif¬ 
ficult to introduce and manage : although it may not be omit¬ 
ted, as it is a source of variety and opposition. Mellowneis 
must regulate warmth; not permitting a positive yellow, 
which would be raw and offensive, yet inserting yellowish:— 
not a staring red; but reddish. 

One coat of colour should be dry before another is laid on. 
To know when any coat is dry, breathe firmly on it; if it takes 
the breath, k is safe. Although any colour nfay be retouched. 
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after it is dry, and even chanced to its opposite, yet the prac¬ 
tice of reversing or materially varying colours, is not very 
prudent, as an under colour will impair the tone of a superior 
one, w'hith is of a very di6ferent nature. 

Water-colours are made paler by mixing with them a larger 
quantity of water; but oil-colours admit not of a correspond¬ 
ing practice; an extraordinary quantity of oil would in general 
rertaei; the colours more apt to fade, and impoverish them; 
.they must therefore be heightened by the use of other colours 
of a lighter tone, as light red upon dark red. Some colours 
may, however, be mixed thinly with oil, and are laid over 
colours of a similar class, which require to be lowered. Thus, 
to give richness to crimson, it is often coated with lake. 
This prfllctice is c&Wed 

If a tint, different to any on the pallet, is required, while at 
work on a picture, it is better to mingle the colours which 
compose it on the pallet with the knife, than with a pencil; 
because the portion taken up by the pencil, will be apt to 
want uniformity of colour. 

Every colour should have its own pencil, to preserve as 
much as possible the freshness of the colour. When the pen¬ 
cils and pallet are done with, they should be cleansed with 
spirits of turpentine, and afterwards with soap, if intended to 
be laid by for some time. 

As colours have a more brilliant appearance when w’et with 
oil, than when they are dry, the artist must carefully study the 
art of making the^requisite allowances for this circumstance 
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PAIKTING IN WATER COLOURS. 


This pleasing and useful branch of painting is practised by 
a greater number of persons than any other. It has severm 
important advantages peculiar to itself. It requires but-few 
materials, and the most important of them are cheap; a pic-, 
ture may be left in any stage of its progress, almost at a mo¬ 
ment’s notice; the whole operation is cleanly; the colours are 
rich and delicate; it admits of a degree o( distinctness and 
precision admirably adapting it to mathematical and archi¬ 
tectural designs ; and to the delicate productions of the vege¬ 
table kingdom. * 


Op the Colours used in Painting in Water-colours 

Reds. —Vermilion, red lead, carmine, burnt ochre, lake, rose 
pink, common Indian red, Venetian red, Spanish brown. 

Yellmcs. —Gamboge, masticot, Naples yellow, Dutch pink, 
English pink,gall-stone, English ochre, Homan ochre, French 
berry wash, turmeric wash, zedoary wash, and tincture of 
eafiron. 

Blues. —Ultramarine, Prussian blue, verditer, indigo, smalt, 
bice, and litmus. 

Greens. —Sap-green, verdigris, distilled verdigris, and 
terra-verte. 

Whites. —Flake-white, white-lead, troy-white, zinc-white, 
i^g-shell white. 

Black. —Indian ink, lamp-black, ivory black, blue-black, 
burnt cherry-stones. 

Browns. —Umbre’, Spanish liquorice, bistre, Cologne earth. 

Of the colours produced by mixture, Uie following will 
answer most purposes. * 

Ash-colour. —White and lamp-black, indigo and black, 
cherry-stone black and white. The shades to be done With 
ivory-black. 

Bay-colour. —Vermilion, with a little Spanish brown and 
black. 

Bright red .—Indian lake and vermilion. 

Carnation. —Lake and white, shaded with lake. 

CioHd-colour .—Lake and light masticot; lake and white, 
shaded with bine verditer. 

Crimson. —Lake and white^shaded with lake. 
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I'lame^cohur. —Vennilion and orpiment, red lead and masti- 
cot, heightened with white. 

Fle$h~€olovr. —White, with a little lakje and red-lead; and 
yellow oohre for a swarthy complexion. 

French ereen. —Light pink and Dutch bice, shaded with 
green pink. 

Glass graif. —Ceruse, witli a little blue. 

Hair-colour. —Masticot, umbre, yellow ochre, ceruse, and 
cherry-stone black. 

Lead-colour. —Indigo and white. 

Liaht blue. —Bice, heightened with ceruse. 

Lion tawney. —Red-lead and masticot, shaded with umbre. 

Afurrey. —)[.ake and flake-white. 

Orange. —Red-lead and a little fine masticot, shaded with 
gall-stone and lake. 

Orange tawney. —Cinnabar, light pink, and a little masticot 
shaded with gall-stone and lake. 

Purple. —Indigo, Spanish brown and whit^; blue bice with 
red-lead and flake-white; or blue bice and lake. 

Fusset. —Cherry-stone black with white. 

Scarlet. —Red-lead and lake, with or without vermilion; 
carmine and Indian lake; native cinnabar and red-lead 
shaded with Indian lake. 

Sea-green. —Bice, pink and white, shaded with green pink 

Sky-colour. —Light masticot and white, for the lowest parts; 
blue bice and white for the middle; blue bice alone for the 
highest part. These diflerent shades are to be softened into 
•ach other at the edges. 

Sky-colour for drapery. —Blue bice and Venice ceruse; or 
ultramarine and white, shaded with indigo. 

Straw-colour. —Yellow masticot, and a very little cinnabar 
shaded w'ith dark pink. 

Violet-colour. —Indigo, white and cinnabar lake; or fine 
Dutch bice and lake, shaded with indigo; or litmus, smalt, 
and blue bice, the latter most predominant. 

Water. —Blue and white, shaded with blue, and heightened 
with white. 


Preparation of Water-colours. 

When water-colours are prepared for use, they are mixed 
up with a solution of some sligntly glutinous substance, such 
as gum, isinglass, or size; but whatever be the glutinous 
substance employed, its solution in water must not be so 
strong as to prevent the colours mixed with it from'rubbing 
dow'n freely with w'ater afterwards. Gum arabic is the sub¬ 
stance mostly employed, though the use of it is in one or two 
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respects exceptionable; for even when the purest and whitest 
pieces are selected, it wiil, in common with all other ^ms, in 
some degree darken^ and rather injure the tone of bright co¬ 
lours, and it dries so hard, and shrinks so much, as sometimes 
to crack the colour. To prevent the latter defect, a little 
sugar-candy may be added to the gum, and the colonrs will 
then also work more freely. 

A quarter of an ounce of gum-arabic put into a te^-ctfpful 
of hot water, will form a solution ofi,a moderate strength, and 
proper for most purposes. 

When isinglass is employed, half an ounce of it may be 
boiled in two pints of water, till it is dissolved, when the 
solution may be strained, and it is then ft for use. 

Size is, however, upon the whole, preferable to any other 
glutinous substance, and it may be prepared by boiling clean 
shreds of parchment or white leather in water, till, when 
cold, it has the consistence of a jelly, 

A little colo^intida may be added to the gum-water or 
size, to prevent dies from injuring the work in which it is 
used. 

Distilled water should be employed for the solution of gum, 
for size, and in all the other ^operations connected with the 
preparation of colours, where it can be conveniently obtained. 
Where it cannot be obtained, the purest rain-water should be 
preferred: spring-water is the roost improper, and often con¬ 
tains ingredients which will materially injure flake-white and 
some other bright colours. 

To obtain water-colours in their best state, the method of 


preparing them must be varied according to their nature : 
Vermilion, red-lead, scarlet ochre, common Indian red, true 
Indian red, Venetian red, yellow ochre, masticot, ultramarine, 
bice, indigo, verditer, Colo^ earth, umbre, terra-verte, brown 
ochre, white lead, csdcinea hartshorn, ivory blacky and blue 
black, should be ground extremely well witJi water'"only, and 
then washed over; they ihust then be mixed up with strong 

f um-vsater or size, by means of the pallet-knife, until they 
ave the consistence of a paste, in which state they may be 
put into small muscle or other shells, or made into cakes by 
means of wooden moulds. 


Prussian blue lake, an<k Naples yellow, should he radu^d 
to an impalpable powder by levigating them on the stone with 
spirit of wine: then they, as also carmine, bistre, Dutch pink; 
and English pink, should be mifed with weak gum^water, hyi 
a small muller or paltet-knife, and put into theit 
shells. 

Imdiaii iidi, gamboge, sap-ipreen, and gall-stone, require no 




PAINTINO. 


741 


Water-ooiimrt. 


gum-water or size, but are merely rubbed down with fait 
water into a shell or qp a piece of marble. 

Verdigris is prepared by dissolving it in vinegar; when the 
vinegar libsaturated, the clear part of the solution is poured 
off”, and kept in bottles for use. Verdigris may be also pre¬ 
pared by dissolving it in the juice of rue, instead of vinegar; 
Its solution in this menstruum is preferable for miniature 
painting, and in all cases where the solution has to come in 
contact with other colours, especially vegetable colours, to 
which vinegar would be injurious. 

Litmus blue is prepared by boiling litmus in small-beer 
wort, till about one-fourth of the fluid is evaporated; it is 
then strained, and put into bottles for use, after oeing reduced 
to a proper state for working by the addition of water. The 
decoction or tinctures of vellow berries, zedoary root, Brazil¬ 
wood, log-wood, and saffron, are made with water, and pre¬ 
served in the same manner. Turmeric w^ash is obtained by 
the infusion of turmeric root in proof spirit. • 

When ^tinctures are found upon trial to be too light, they 
may be deepened by slowly evaporating a part of the fluid; 
when too deep, it in only necessary to add water to them. 

All the colours which will take a solid form are generally 
made up into the form of cakes, and when they are used, they 
are ruboed out with water upon a Dutch tile, or into small 
hollows made in a piece of marble, or upon a small ivory 
pallet held in the hand. When a padlet-knife is employed. 

It should be made of ivory, as iron or steel would injure ' 
•everai colours. , 

A fitch is employed to free the Colours from dust, previous 
to their being rubbed out. 


Directions for Painting in Water-colours. 

* Having provided th§ colours and materials which will be 
required for any piece, brush the colours, particularly those 
in shells, with a* fitch kept for the purpose. Keep a sheet of 
waste paper under the hand, to prevent the piece from being 
soiled* and to try the colours upon. Lay the colours but 
thinly on at first, deepening and mellowing them by degrees. 
In general, the quicker the colours are laid on, the evener and 
cleaner the drawing will appear, and therefore it is necessary 
to work with a full pencil. When the work is done, wash 
the pencils in clean, warm water. 

The flesh-colour employed should always be lighter than 



742 


PAINTING. 


WkterHjdoan. 


the complexion to be imitated ; as it may easily be lowered 
by working on it. For the clteeks an<| lips, use a mixture of 
lake and red-lead, or carmine, as occasion requires; and for 
blue tints, as under the eyes and in the veins, use«iudigo, or 
ultramarine and white. 

In colouring landscapes, after the outline has been perfectly 
finished, lay dead colours all over the mcce. This ought to be 
done with care, yet with a degree of freedom, which, though 
it may give an appearnce of roughness, is still pleusitig. Af¬ 
terwards sweeten the tints with a small pencil, to remove any 
harshness of the edges, and to make the shadows glide into 
one another. The dead colouring or aerial tint, is intended* 
to imitate that haziness which the atmosphere always imparts 
to objects, according to the distance at which they are situ¬ 
ated- It may be composed of Indian ink, indigo, and lake^ 
the blue must be the prevailing colour for the most distant 
parts; towards the fore-ground, the Indian ink must be more 
and more prevalent, aiui near the ground-line may be used 
alone. . 

Having laid on the dead-colouring, begin first with the dis¬ 
tances and lightest parts of the sky, wdiere the yellowish 
beams of the sun are to he <lone with masticot and white, f(»r 
the brightness of mid-day ; but with burnt terra rli Sienna for 
the mellow tints of evening ; then proceed to the blueness of 
the sky, and deepen the colouring gradually, in ascending 
from the horizon, except in tempestuous clouds. To make 
the colour of the sky spread more evenly, it is a frequent 
practice to sponge the pajger with clean water, and to begin 
to lay on the colours as soon as the water has entirely disap¬ 
peared from the surface. The indistinctnesakof all objects 
must be increased as they recede from the eye, and distant 
mountains must be touched so faintly as nearly to blend with 
the aerial tint. 

In colouring foliage, boughs, and branches, the dark parts 
must be put in first, with 8|ip-green and indigo; for the Ugbt 
parts use sap-green alone, and it should pass over tl»e limits 
of the gray tints. 

Where it may be necessary to preserve perfectly the white¬ 
ness of the paper for the lights of stained drawings, Alston 
recommends the use of a«raw yolk of an egg, as preferable to 
any other substance. The yolk must be mixed with •water 
till thin enough to spread easily : a camel-hair pencil must be 
then dipped into it, and the lights to be preserved must be 
covered with it: after the dead-colouring is laid on, and the 
paper is dry, the yolk may be removed by crumb of breads 
and the |mper will be left pure. 




PAINTINO. 


743 


Material! for executing miniatarc! iu water-coloura. 


OF PAINTING IN MINIATURE. 

Miniatifres are painted with extreme precision and brilliancy, 
to bear the closest inspection. They may be executed either 
with oil or water-colours; and according to the vehicle em¬ 
ployed for the colours, the painting of them may be deemed 
a branch of painting in oil or water-colours. It is most usu¬ 
ally practised as the latter, and such we shall consider it in 
the pre.sent essay. 

The colours employed for this style of painting are the same 
as those used in the ordinary practice of painting in water¬ 
colours; but they are selected with scrupulous attention to 
the excellence of their quality, and they are used rather tliin- 
ner. A little ox-gall is generally mixed with green, yellow, 
black, and brown colours, in order to make them spread freely 
by removing their disposition to greasiness. The rest of the 
materials, as well as the colours, are also the same as in 
water-colours, except that the surface drawn upon is generally 
either vellum or ivory. 

The hair-pencils which arc employed should be of tire most 

E erfect h)rm, according to the directions given at page 701, 
ut it will by no means be necessary to use the smallest uhich 
are made. Jsable pencils are much used, as, for making fine 
lines and dotted work, no other kind answer equally well. 
When the pencil is too full of colour, it is usual to bring it to 
a fine point, by putting it between the lips, and touching it 
with the tongue; but this practice must be avoided in the use 
of orpiment, red-lead, and other jioisonous mineral c olours. 
Tlfe jiencil may be drawn to a point upon the waste paper 
usually kept under the hand while painting. The pallet em- 
ploved is generally not broader than the hand. 

The ivory used in this kind of painting is in the state of thin 
leaves, such as are sometimes employed for memorandum 
. books, instead of asses’ skin ; to prepare the surface, it is 
scraped with a knife, and wa.shed over with the juice of gar¬ 
lic, to remove any greasiness which might prevent the colours 
from adhering. 

The outline of the miniature is traced upon the ivory with 
a silver point, fixed in a case, and pointed like a pencil. The 
touch Of this instrument should be extremely light and deli¬ 
cate. It is afterwards gone over with thin carmine, and made 
as coiTect as possible; if any erroneous lines appear, they sue 
taken out witn finely pounded pumice-stone rubbed on with 
a paper or leather stump. When the outlines are completed, 
the piece is dead-coloured, and in this part of the process, the 

68.—VoL. II. 5 B 




744 


PAINTINa. 
Mtaiatmm la walcr-ealoat*. 


shadows are left very tender, and the lights strong, as the full 
effect is afterwards produced by dotting. In a portrait, begin 
the shades with vermilion and carmine, giving the strongest 
touches at the comers of the eves, next the nose,‘under the 
nose, the ears, and under the cliin, the fingers, and in every 
part where separations are to be marked out in shades that 
are obscure. Lay in the bluish shades with indigo, on such 
parts as recede from the light, as the temples, under and in 
the comers of the eyes, on both sides of the mouth, a little 
on the middle of the forehead, between the nose and eyes, on 
the side of the cheeks, the neck, &C. Yellow tints are com¬ 
posed of ochre and vermilion, and are given on the sides of 
the nose towards the bottom, under the eyebrows, a little 
underneath the cheeks, and on other parts which rise and 
come forward to the light. It is tliese tints which principally 
show the complexion. 

The next object of attention is the back-ground, in the co¬ 
louring of which there is a considerable diversity of practice ; 
dark back-grounds may l>e composed of bistre, uiiibre, or Co- 
logii earth, with black ami white; others have a yellow cast, 
principally by the use of ochre. Black, white, and a little 
indigo, form gray back-grounds : Dutch pink, white, and 
black, make a greenish, or olive ground, which has a rich ap¬ 
pearance. Back-grounds should be formed at twice, first 
laying on a very light tliin tint, and afterwards a darker of 
the same colour, perfectly even and smooth. 

The dotting by which the picture is finished, is sometimes 
effected by distinct separate tfots, but this process is very slow, 
and is apt to have a harsh effect; it is a much better practice, 
therefore, to use little strokes which cross each other ev^ry 
way, till the work has the appearance of being dotted. It is 
called dotting, though it has a much softer effect than dots 
can be made to exhibit. The colours must glide into one 
another by insensible gradations. The shadows may be dot¬ 
ted with "greenish tints, and wher§ they are strong may he 
finished with bistre and vermilion, or terra di Sienna. The 
colour of the ivory may be preserved for a middle tint. Dot 
the clear and bright parts with carmine and a little vermilion, 
using a minute portion of ochre to lose and blend them in Uie 
sh adov^ parts; and care must be taken to give the strokes 
the dififerent turns of the flesh, to produce a plumpness of the 
figure. 

The lips are dead-coloured with vermilion and white, and 
shaded with carmine or lake. The dark touches, or markings, 
will reiHMre bistre. 

The Iraites of the eyes are riiadftd with blue; the corners 
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next the nose with vermilion and carmine; the balls of the 
eyes are done with indigo and white, adding bistre if they are 
brown or black; if gray, the pupils are done with pure lamp¬ 
black. ^ade the balls with indigo, bistre, or black, accord¬ 
ing to their colours; shadow the marking of the eyelids with 
carmine and bistre, \%hich must be softened with the other 
tinbii. Give the little speck of light reflected from the pupil 
of the eye, with pure white. It must be on the side next the 
light. A narrow circle of pure vermilion, round the pupil of 
the eye, gives it great vivacity, and has an excellent eftect. 

The hands are coloured like the face, obser\iiig that the 
|oints and «uds of the fingers arc a little redder than the rest. 
For the markings, use carmine and bistre. 

Hair is dead-coloured v\ith bistre, ochre and white, or black, 
according to its colour, and finished with pure bistre, mixed 
with ochre or black, the lights v\ith ochre. The roots of the 
hair next the face must be softened into the blue lints. Great 
care should be taken to give the hair a soft appearance, and 
to intermingle the strokes which represent the curls in a na¬ 
tural manner. 

Draperies are to be done with broad strokes of the pencil, 
like back-grounds. 

The colouring of landscapes in miniature is similar to that 
ill the ordinarv use of water-colours, excepting a more general 
use of the finest colours, and the dotting, bv which all the 
colours are mellowed, and the clouds rounded ia appearance, 
in consequence of the softening of their edges. 

Of the Colours adapted to particular Objects. 

For Black diapeiy. —Lamp-black and vxhite, shaded with 
pure lamp-black: to give the lustre of velvets, &c. use iudigo 
in the daik shades. 

Blue drapery .—Prussian blue, or ultramarine and white, 
shaded with indigo. Verditer shaded with indigo. 

, Greeu drapery .—Prussian blue or verditer, and Dutch pink, 
shaded with sap-green. Dift’erent greens may be formed by 
using more or less blue pr yellow. 

Purple drapery. —Lake, blue and white, finished with lake 
and indigo. Vary by adding more blue or lake. 

Bed drapery. —Retl-lead or vermilion, shaded with carmine 
or lake .—Carmine drapery: form the shades with vermilion, 
and finish with carmine; the dark touches with bistre 

White woollen drapery. —White, with a little ochfe or gam¬ 
boge. Shade with bistre. • 

yellow drapery .—Yellow ochre, Dutch pink, gwboge, or 
Naples yellow, shaded with terra di Sienna and bia^. 
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J^/ire. —Dead-colour with blue, black, and white; finiHh with 
pure white; when it lies transparent over draperies or carna¬ 
tions, finish the under parts first, then paint the lace over it 
w ith pure white, and shade with the first colour. 

Gold lac€. —Dead-colour with ochre, and finish with Dutch 
pink and red-lead. 

6i7trr lace. —Blue, black.and white, finished with pure white 

Pearls. —White and a little blue for the dead-colour; shade 
with light blue; the speck of light in the middle with pure 
white, and a little yellow transparent tint on the shadow side 
to round them. 

Diamonds. —Lamp-black, the lights touch with pure white. 
All other jewels are painted in the same manner, only chang¬ 
ing the dead-colour 

IVater. —Indigo and white, shaded with imligo, or a dark 
mixture of indigo and white. Pure white for the bright parts 
and foam. Water must never be dotted ; when smooth, it is 
shaded w ith horizontal strokes ; when rufUed, the strokes fol¬ 
low the figure of the waves. 

'frees. —Ochre for the dead-colour of the trunks, with white 
and some green for the light parts. Fur foliage, use verditer 
and sea-green, shaded and finished with the same, mixed with 
more or less of a lily green, according to the distance. The 
yellow tints of autumn must be given by ochre and white, 
finished with gall-stone. 

iS'A;y.—For a pure mid-day sky, ultramarine and white for 
the upper part; vermilion and white as the sky approaches the 
horizon, gall-stone and white for the lowest and pale part. 
For a dark sky, use indigo, black, and white, for the ground, 
with ochre or brown: obscure red for the clouds, and masti- 
cot for their lights. 

As the ivory used for painting in miniature, is, from its tliin- 
pess, semi-transparent, it is usual to cover the back of it with 
white paper; this heightens the tone of the colours; but silver 
leaf, applied in the same way, has a much more brilliant efi'ect. 


fi 
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OF PAINTING TRANSPARENCIES. 


Transparencies are pictures intended to be viewed at night 
by placed behind them. They exhibit, with peculiar 

force and beauty, all scenes requiring intense lights and shades, 
such as moonlight scenes, fires during the night, and similar 
objects, in connection >\ith antique towers, woods, and desert 
places, inside views of cathedrals, and other scenes which 
diy>ose the mind to sentiments of awe. 

The paper designed for a transparency must be fixed on a 
straining frame, such a.s that of a drawing board without its 
panntd, so that it can be held ^ between the eye and the light 
in the course of the work. The drawing, after having been 
executed in the usual manner of water-colour painting, must 
be helil up to the light, and the effect desired being attended 
to, the shadows must be strengthened by additional coats of 
Indian ink; and to produce the requisite efi'ect, some of them 
must be laid on botli sides of the paper. For the strongest 
shadows of all, ivory black or lamp,-black must be mixed with 
guin-vvalei, which will produce a shade perfectly impervious 
to light. 

\V lien the picture is brought to its proper tone of colour, 
finished and (Uy, all the part.s where the highest degree of 
transparency is required must be touched on both sides with a 
pencil containing spirits of turpentine, and those parts which 
require a less degree of transparency only on one side. Im¬ 
mediately afterwards must be applied in the same manner to 
the same places ag the turpentine, a varnish composed of one 
ounce of Canada baJsam, dissolved in an equal quantity of 
spirits of turpentine. This varnish renders the transparency 
permanent, for that produced by the essential oil alone would 
soon disappear. When the varnish is dry, the flame, if any 
occur in the scene, must be tinged,w’ith red-lead and gamboge. 
The moon must remain the colour of the paper. 

Paintings of this description might be rendered subservient 
to a useful purpose for which they have not been adopted. If 
the diagrams illustrating philosophical lectures were executed 
in this manner, they would possess a degree of force and per¬ 
spicuity well calculated to render them distinct to a large 
audience; and if optical diagrams were transparencies, the 
lecturer would not have occasion to say that black line# 
represented rays of light. 
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OF PAINTING IN CRAYONS. 


Crayons, or pastils, are coloured substances which natucaliy 
possess, or are reduced by art, to the texture of chaKc; they 
are used for sketching and painting, in their dry state, in tlie 
’fonn and manner of a black>iead pencil. 

Cravon painting is usually executed on strong blue paper, 
the thicker it is the better, provided it be free from lumps, 
and not very rough in the grain. The knots mav. however, 
be levelled with a penknife, and the grain nniy be made 
smoother with a piece of pumice-stone. The sketch having 
been made upon the paper, and <lead-coloured, the back of 
the pajjcr is pasted and fixed on a smooth Imen cloth, pre¬ 
viously strained upon a frame. A sheet of clean paper is 
then laid on the face cd the tirawing, and is pres.sed with the 
hand, until it adheres to the cloth in every part. The crayons 
will now adhere better to the paper than before. 

As colours, in crayons cannot be compounded at the moment 
of using, with the facility of colours in oil or water, in a complete 
set of them every distinct shade w ill require a separate cravon. 
The only mixture they admit, i.s of a limited nature; sometimes 
little separate heaps, scraped fromdiH’erent crayons, are formed 
upon white paper, and small rolls of paper, or clean glove- 
leather, a little pointed, are u.sed to take up the colours as want¬ 
ed, and rub tliem in, and the finishing is given with crayons. 

Painting in crayon.s allows considerable scope for the genius 
of the artist, and may serve to teach him a masterly freedom of 
touch, w hich he may transfer to other kinds of painting with 
great advantage. The whole effect i.s produced by strokes 
and dots, which must be varied in their direction according 
to tlie texture and figure of the object to be represented. . 

The tempering of crayons is found to be an operation of 
considerable nicety, to avc^^ their being so hard as to impart 
an ifisufficient supply of colour, or on the contrary so soft as 
to crumble away, and to be little better than a powder upon 
the paper. A variety of slightly glutinous fluids have been 
proposed, to give them the due degree of coherence, but the 
strength end the kind of fluid used requires to be varied, ac¬ 
cording to the nature of the colour employed, as Uie follow¬ 
ing view of the subject will evince. Crayons are always 
'pointed by drawing the knife from the extremity, and not 
over it, atf in pointing a pencil. 
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Of the Colours and Preparation of Crayons 

lleds. 

Vermilion, alone, and with different proportions of chalk, 
fin^y ground, and mixed with ale-wort, rendered slightly glu¬ 
tinous by boiling, and to which gum tragacanth has been 
added in the proportion of about a scruple to a pint of the 
wort. The vermilion, as in all other cases of preparing cray¬ 
ons, is mixed with the fluid, till it becomes a smooth paste, 
when it is formed into slips or pencil shapes, and dried by a 
gentle heat. The less the proportion of chalk, the stronger 
should be the wort. 

Red-lead alone, and with chalk, prepared in the same manner 

Red chalk requires no preparation but that of cutting it 
into slips w ith a saw. 

Scarlet ochre and common Indian red, may be treated like 
vermilion. 

Lake, alone, and with different proportions of pearl white, 
must be used for crimson crayons. It should be mixed up 
with skimmed milk or common gin. 

l*ure carmine is generally rubbed in by means of a roll of 
leather, or paper, on account of the expense of forming entire 
crayons of it; Init when mixed up with a considerable propor¬ 
tion of white, this objection to its being made into crayons is 
removed. Cin or milk sliould be employed, as these fluids 
are less injurious to bright colours than wort. 

Yellow Crayons. 

Turpith mineral, with pale ale-w'ort, in the same manner as 
vermilion, and mixed W'itn different proportions of chalk. 

Dutch and English pink make crayons of an agreeable shade, 
but the colour is not durable. They are sometimes so com¬ 
pact as to require no preparation but that of cutting into slips; 
other specimens require preparing with skimmed milk. 

Yellow ochre, in its natural st^te, or purified by grinding 
and washing over, and mixed up with skimmed milk. 

Orpiment forms a valuable crayon in point of colour, but 
its disagreeable smell, and poisonous nature, render it objec¬ 
tionable. 

Creep Crayons. 

Crystals of verdigris, ground to an impalpable powder in 

S pirit of wine, and formed into a paste like vermilion, but 
ried without heat, form a bright green. 
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Verdigris treated in the same manner, forms a blue green 
cr^'on. 

jPrussian bine and turpith mineral, or Prussian blue and 
Dutch pink, in various proportions; also turpith mineral, with 
verditer or blue bice. All these mixtures require strong ale- 
wort. 

Indigo with Dutch or English pink, prepared in the same 
manner as the above. 

By the addition of different proportions of chalk, differ.;nt 
shades ©fall the above greens will of course be procured. 

Blue Crayons. 

For deep blue. Prussian blue with sknnmed milk, or ale- 
wort, or indigo prepared in the .siiiue manner. 

Verditer and bice, with strouir ale-wort containmir sruin 
traffacanth. 

Ultramarine is used in the same manner as carmine. 


White ( rai/oiis. 

White chalk, in its natural state, is superior to any artificial 
composition. It should be selected of the most coherent tex¬ 
ture, and only requires to be cut with a saw, in sejuare .slips of 
a convenient size, for example, about three inches Kmg, and 
a quarter of an inch in diameter. These slips are rouiuhd by 
taking oft' the corners w ith a knife. 

For a brilliant white, flake-white is made into a crayon w itli 
milk, but as it is apt to change, it is not to he recommended. 

Black and Graii Cratfons. 

The charcoal prepared from the willow, makes good black 
crayons; but the black chalks, mentioned at page 70‘2, are 
the sorts most commonly used. 

Ivory black is prepared with strong ale-wort, containing a 
little glover’s size; and a small proportion of deep Prussian 
blue or indigo is sometimes added to the composition. 

Gray crayons are formed of ivory or lamp-black, with dif¬ 
ferent proportions of chalk. 

On white paper, a soft black-lead pencil forms an excellent 
gray crayon. 

Orange Crayom. 

Turpith mineral, with red-lead or vermilion, forms a bright 
mixed with milk strengthend by gum tra- 

pink, with vermilion or red-lead, may bn 
prepared with milk alone 


orange. It may i 
gacanth. 

Dutch or Engli 
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Purple Crayons. 

Deep ffrussian blue and carmine, mixed with milk, form a 
ve^ bri^t purple. 

Deep Prussian blue and lake, prepared in the same manner, 
form a purple of the next degree ol excellence. 

Ihdig^ and lake form a purple of'inferior brightness, ^d 
not so ueep : vennilion and indigo is paler still; it is prepared 
with ale-wort, containing a little gum tragacanth. 

As all purples are composed of red and blue, it is obvious 
thatjtheir shades may be varied, by varying the proportions 
of their component parts. 

lirou-n Crayons. 

Drown ochre and bistre form a very full brown ; they may 
be mixed up with ale-wort, moderately strong. 

Spanish brown and umber, either alone, or mixed in dif¬ 
ferent pruourtions with each other, or with true Indian red, 
with a Kinai! addition of ivory black in some cases, will form a 
great varietv of useful shades of brown. 

* Fuller’.s eurtli, mixed witli rather strong ale-wort, forms a 
good light brown, the shade of which may be darkened by a 
little Spanish brown. 

Chalx is employed to lessen the intensity of all browns. 

Methods of fixing Paintings in Crayons 

It is obvious that the marks made with chalk and all other 
crayons can be but very slightly attached to the paper, and 
that they are extremely liable to bo injured and defaced. Va¬ 
rious means have therefore been resofted to for fixing them, 
in such a manner that, without having their tints injured, they 
nfiay be enabled to bear rubbing. 

One of the simplest means for this purpose, consists in 
drawing^ the crayon-painting through skimmed milk. This 
answers vs'ell for pictures of a small size, as the milk effectually 
prevents black-lead pencil or crayon strokes from being affect¬ 
ed by Indian rubber; it is also more easily practised by most 
persons than another mo^e, which consists in passing the draw¬ 
ing once through a rolling-press with a damp paper upon it. 
A weak solution of gum-arabic or isinglass size, answers the 
same purpose as milk. When the picture is made on unsized 
paper, Cathery recommends the back to be brushed.oyer with 
58.— VoL. II. 5C 
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a size made of half an ounce of isinglass, and two drachms of 
powdered alum, boiled for a quarter of an hour in a quart of 
water, and strained. This size, used milk-wariu, penetrates 
the paper, and effectually fixes the picture. He a’so recom¬ 
mends another way. which is applicable to large drawings, 
done on sized pa|>er; it consists in sponging with ilie gluti¬ 
nous fluid, a piece of unsized or blotting paper, of the. same 
site as the picture. This wetted paper being luid flat upon a 
table, the face of the picture is pressed upon it in every parL 
The chalk thus becoming wet with size, adheres to the origi¬ 
nal surface, and by taking care wholly to avoid the smallcHt 
sidewise motion, whilst the two surfaces are in contact, the 
colours are not in the least daubed ; nor is the minute quan¬ 
tity of colour transferred to the blotting paper any injury to 
the piece. 


OF COLOURING PRINTS AND MAPS. 


1..., paper of the print or map intended to be coloured, 
must first be examined, whether it is sized or unsized. Un¬ 
sized paper is generally used for taking ofl’ copper-plates, 
because it receives a better impression than, the other; and 
such paper it will he necessary to prepare for the reception of 
colours, by steej)ing it in a strong solution of alum; even if it 
have been vveaklv sized, it will be advisable to brush it over 
with a solution of the same kind. Paper which bears ink well, 
m^ be considered as sulficiently hard for colours. 

I^e colours required must be those employed in water¬ 
colours. They must be varied in kind accoraiiig to the object 
in view; where a slight degree of colouring or rather staining 
of the print is proposed, thin colours will answer the end, and 
the shades of toe engraving will be fully preserved. Where 
a richer and wanner effect than this will produce is required, 
strong body colours must be employed, ana the original snadea, 
though they must be attended to and govern those which are 
laid on, will be almost entirely concealed. Sometimes trans¬ 
parent colours are laid over the print^and afterwards the effect 
IS heightened by body colours; this combination of the two 
modes of colouring prints has a good effect. 

' In perfbnnances of this nature, the use both of black and 
white eoiouiti should be studiously avoided, as they have a 
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cold unpleasant effect. Generally the thinness of the colour¬ 
ing will render white unnecessary, and for the broad lights, 
the mingling of colours nearly similar in tone, is preferable to 
the introduction of white. The same artifice will often super¬ 
sede perfect blackness; but where black cannot be dispensed 
with, it must be used sparingly and with address, to prevent 
its impairing the mellowness of effect which should Ciw»ay8 be 
aimed a^., 

The colouring of a print, it must be obvious, is governed by 
the same principles as painting; great care must therefore be 
taken to soften the outlines of all objects, and to suffer an in¬ 
distinctness to prevail proportioiiateio their distances; and the 
colours and mode of treating p^articiilur objects, will be similar 
to the directions before given on the suliject of painting. 

The colouring of maps is in fact oiilv a species of staining; 
all the colours employed mnsl be of the transparent or wash 
kind, and even such an approach to opacity as might obscure 
♦ he original fielineations, by too great a depth of colour, must 
be carefully a\oided. The red usually employed is a decoction 
of Brazil-wood, or that prepared by boiling scarlet rags with 
the addition of jiearl-aslies. ♦ The yellow is gamboge, or the 
extract of French berries, of fustic, of turmeric, or of saffron. 
For blue, a very weak solution of sulphate of indigo. For 
green, sap-green, and the soltition of verdigyis in vinegar, or 
of crystals of verdigris in water. For brown, Spanish liquorice 
and the decoctson of tobacco. A great variety of colours would 
be improper for this puqiose, as it is contrast that is chieffy 
wanted ; black and white are newer required. 

In laying on the colours, the size of the camel’s hair pencil 
should l)e proportioned to the surface to he gone over. Each 
colour should be laid on rapidly, in order that no part may be 
dry before the whole space is covered, otherwise it will scarcely 
be possible to attain that evenness of tint which isjindispens- 
ftble to a good effect. At the same time care must be taken 

keep each colour within its proper limits. A sufficient con¬ 
trast in the colours lying next each other, must always be ob¬ 
served, and the work must be finished by marking the boun¬ 
daries of each district or province, according to the nature of 
the map, with a narrow line of a much deeper hue than the 
rest. 
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OF.PAINTIMG ON GLASS 

The several modes which lia%e teen adopted to paint on 
glass may be reduced to three:—1. The colouring matter of a 
print may be transferred to one side of the glass, and colour¬ 
ed; this IS often called buck-painting; and the pictures exe¬ 
cuted in this manner are put into frames, and viewed iirthc 
same manner as glazed prints;— 2. Transparent oil-colours are 
employed, which merely lie on the surface, and suit such sub¬ 
jects, as the pictures of a ma«;ic laiiiern:—3. The colours are 
vitrified, and become a pait of the glass itself, 'fht* first ami 
third modes of jlainting on glusm are those which claim notice 
in this place. 


Of Painting on Glass, oii Bac K-rAiNtiNo. 

This mode of painting is executed with great facility; there 
are no outlines to draw, no shadows to insert, and it produces 
a soft and pleasing ellect. In .the first place, select a gf>od 
mezzotinto print, cut oft’ the whole of the marginal or white 
paper, and put it flat in water to steep, where it uuist remain 
till thoroughly wetted and softened, in the mean time provide 
■an even pane of the best crown glass, free from knots and 
scratches, and lay on one side of it, with a painter’s brush, a 
thin smooth coat of turpentine, thinned by the addition of a 
little spirit of turpentine. If the print has been taken olf on 
unsizea paper, it will be sufliciently wet in a couple of }|ours; 
if on sized paper, which is very uncommon for the purpose, it 
will be proper to let it remain in the water for four and twenty 
hours. When it is taken out of the water, press it slightly 
between blotting paper, to take off the supernnous moisture, 
and then lay it flat upon a table with it^ face uppermost. 
Take now a pane of glass, and place it upon the print in such 
a manner, that the surface covered with the turpentine shall 
touch eve^ part of the print as nearly as possible at the same 
instant. Turn up the print, which is now attached to the 
gliss, and place it between some sheets of paper under a 
moderate weight, for an hour or two, or press it with the hand 
till no blisters^are observable. When this is done, wet the 
hack of the print w ith a sponge, und rub the paper with the 
fingers, which will bring it off in small rolls, till at length 
nothillg but the ink which formed the impression will remain. 
When this is dry, brush it over with a pencil dipped in spirits 
of turpentine, and it will bepome perfectly transparent, And fit 
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fur painting. In painting it, the lights and shades must be 

f >reserved as in the original; and all the light colours must be 
aid on first. The colours to be used, are those employed in 
oil-painti»g. 

Ok Painting on Glass with vitrifiable Colours. 

All the colours employed for this kind of painting, must be 
susl-ej)til>\e of vitrification, or they cannot combine with the 
glass, and begome transparent. They are composed of metallic 
oxides, as no other bodies possess the requisite properties; 
and to facilitate their vitrification, they are generally combined 
with a flux, or soft kind of glass, which melts at a heat much 
inferior to that required for melting the ground or glass painted 
u{ion. The glass employed as the ground, is generally the 
best and clearest of that kind cullecl crown glass, which is 
hard, ami not easily melted. Such pieces should be selected 
as an* free from specks or waves. The first step isj-o make a 
complete coloured drawing in water-colours, the design to be 
painted on glass. The glass is then laid over this drawing, 
and the outlines, as they appear through it, are drawn upon 
it with a pt ncil containing the colour for black, mixed with 
gum-water. 

\\ hen a great number of separate pieces of glass are to be 
combined to fonn one picture, the joining should be made to 
fall as much as possible on such parts of the design, as maw 
be least injurious to the general eflect, as in the contours ot 
the figure, and folds of the draperies; and when the situation 
of the diflerent pieces has been fixed, by placing them upon 
the dj^awing, and tracing as for a single piece, the correspond¬ 
ing parts of the glass and drawing are marked, w’itli letters or 
numbers, in order that they may be readily distinguished. 

The colours are prepared by grinding them to an impalpable 
powder, or if this is difficult to effect by grinding, they are 
washed over. They are then mixed with oil of spike, and 
i^iplied to the glass with camel-hair pencils. The oil of 
spike is used merely as a convenient vehicle for reducing 
the colour to a state in which it may be used like ordinary 
paint. It totally evaporates, long before the colour vitrifies. 
Spirit of turpentine would answer the same purpose, but it 
has not the advantage of the same unctuosity. A weak solu¬ 
tion of gum arabic may also be used instead of it; but this 
vehicle leaves in the burning a residuum of carbon, which 
injures light colours. 

Different shades of the same colour are produced by the 
greater or less diluted state in which they are applied to the 
glass, and nothing but experience can ehectually .teach the 
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exact procedure requisite. The thinness of the ooat applied 
will not always be sutbcient, and therefore a dilution with a 
greater or less quantity of colourless dux must be resorted to. 

Most colours sink only a very little way into the>^lass; but 
the yellows, when the j^lass is only tlnn, will pass entirely 
through, and are besides apt^to spread beyond the limits 
within which they were applied by the pencil; they are there¬ 
fore to be used with considerable caution. 

Whiteness is produced in this kind of painting by leaving 
the glass entirely iinstained, as the uniuoditied light passing 
through the pure glass, is the nearest approach to whiteness 
of which the art admits, consistently with tniusnarency. 

As soon as convenient after a sutKcdent iiumoer of pieces 
have been painted, they should be takem to the furnace, us 
the drying of the oil of spike would leave the colours in a 
state susceptible of being easily disturbed. 

The fuenace is made of brick from twenty to thirty inches 
square. An aperture is made six inches from the bottom to 
receive the fuel; some bars are placed across the furnace, like 
a flooring, above which is another aperture to receive essay or 
trial pieces of glass. Upon the bars or flooring is jilaced au 
earthen pan, at the bottom of which are placed two or three 
layers of pulverized quicklime, with pieces of broken glass 
between tnem. The use of the lime is to give a more regular 
dieat to the painted glass, the first stratum of which is laid 
upon the uppermost layer of lime, and all the pitjces to be 
burned at once, are m like manner disposed horizontally with 
a layer of the powdered quicklime between them, and the lop 
or last stratum of glass is overspread with the same pqwder. 
The furnace is then covered with tiles, and luted close, with 
the exception of four or five small apertures, to serve as 
chimneys. 

The heat of the fire should be inconsiderable for the first 
two hours, but afterwards should be raised gradually to the 
heat required for the fusion of the colours. This point must 
be ascertained by occasionally examining the trial pieces, put 
in at the small aperture above the flooring; but when the point 
at Vhich the colours fuse has been known by previous trials, 
the use of a pyrometer would be preferable. 

As soon as the colours are fused, the intensity of the fire 
should be abated, and Buffered ^adually to cool. The process 
generally requires about twelve hours, and a kind of fuel 
should be used, which will fill the whole interior of the fur- 
pace with flamje. 

"For staining glass upon a small scale,a chemical muffle may 
be employed; and as the nqamess of the pieces of glass is af 
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no consequence, if' they be only prevented from touching, 
several pieces may be put into the muffle, by using, to separate 
them, plates of iron with a small ledge on each side, to pre> 
vent the under side of the plates from touching the upper 
surface of the glass beneath them. 

« Or THE Colours used in staining Glass. 

jRerf.—Tfake of the flux, No. 1, (the composition of which is 
mentioned below,) six parts ; of gold precmitated by tin (see 
page 367 of this vol.) one part. When these ingredients are 
thoroughly mixed, they are ready for use. The colour thus pre¬ 
pared produces a fine crimson, inclining to pur]ile; its strength 
may be increased by adding more of the oxide of gold. 

i W/orr.—Take of either of the fluxes six parts, of calcined 
silver two parts, and of antimony half a part. Vitrify them, 
and then levigate them for use. The colour is a deep bright 
yellow proper for shades; where great transparency is wanted, 
the antimony may be opiitted. 

The silver is*prepared by covering thin plates of silver with 
sulphur, and exposing them to a red heat. 

If sulphate of iron be dissolved in water, and precipitated 
by pearl-ashes, this precipitate, used instead of antimony, will 
produce a very cool and true yellow, proper for forming greens 
with blue. 

lilue .—To the flux No. 2, add a sixth or an ‘eighth part of 
ultramarine, and keep it in fusion till the ultramarine vitrifies. 
To darken the colour without increasing the quantity of ultra- 
marine, zaflitT fluxed with borax may b^ employed. 

A deep and very good blue may be prepared with zaffer, 
one part of which may be mixed with four parts of either of 
the fluxes, with a little borax. Vitrify the mixture in a strong 
fire, and prepare it for use by levigation. A strong body of 
this colour will give the effect of blackness. For a w'caker 
blue, the quantity of zafler must be diminished. 

• Greew.—Take of either of the fluxes, six parts, and of pre¬ 
cipitated copper one part. Vitrify and afterwards levigate the 
mixture in tiie usual manner. The colour will be a deep gieen 
inclining to blue, but this shade may be modified by the 
addition of more or less of the colour for yellow. 

The copper is prepared by dissolving it in nitric acid, and 
precipitating it by pearl-ashes. The precipitate in this and 
other cases may be separated by the filter, as the alkaline salt 
is not injurious. 

Block *—^Take of ^le flux No. 1, six parts, of zaffer one 
part, of glass of antimony half .a part, and of scwlet ochre 
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and magnesia, each a fourth part. By fusion this mixture 
becomes a deep black. 

By using the flux No. 2, instead of No. 1, the black glass 
will be softer. *By the mixture of more or less OB’ this glass 
with the reds and yellows, a great variety of browns may be 
produced. 

Puqtie ,—Take of the red prepared as above directed, with 
blue prepared from zafl'er. 

Orange .—For a bright orange, take the red and the yellow 
without antimony^ 

For carnation or flesh-colour, adil glass of antimony, anti 
eitlier of the fluxes, till the colour desiretl is obtained. 

Composition of thk Fli xks. 

/7in \o. 1. 

Take of the glass of lead one pound, of pearl-ashes six 
ounces, of common salt two (uinct s. 

The glass of lead being rethtced to*a fine pyw tler, anti inti 
mately combined with the other ingredients, the whole must 
be put into a crucible capable of retaining vitritied bodies, and 
fused. The lower the heat by which the fusion cun be*accum- 

K lished, the better; the operation should not thertffore he 
urried. 

When the mixture has become transparent and free from aii- 
bubbles, it inay be jioured out upon a clean iron plate. If the 
composition, when cold, is observed to be very foul, it should 
be reduced to powder, and le-melted, but if only a few foul 
specks are observed, they mav be picked out. The good part 
may then be reduced to powtfer, and kept for use. This flux 
is moderately soft, and has a slight tinge of yedlow. 

The glas.s of lead is prepared by fusing two parts of red- 
lead, with one part of flints culcineii, and finely levigated, or 
instead of flints, the flnest white siliceous sand. 

Flux No. 2. 

Take of the glass of lead one pound, of pearl-ashes six 
ounces, of borax four ounces, of arsenic one ounce. This 
mixture, treiyted like the above, produces a very soft flux, with 
wstrongly vitrifying power. It is therefore proper for metallic 
oxides which are found to /use with some difficulty, and also 
to 9tx, for a second burning, with compositions to which 
harder fluxes have been previously employed. 

Vitri&ed borax may be used, where ait extreme fusibility in 
any compoMtton is required. 
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Tn B engraving, when used without any other distinction, 

is employed, 1. to denote a plate of copper, upon which any 
regular design is produced by indented lines or strokes; 2. the 
impression which, by means of a rolling press, is taken from a 
plate of this kind ; the strokes and dots of which have been 
previously filled with ink ; d. the act by which the design is 
made upon the copper. The context alone points out the 
particular meaning attached to the word. 

It is in the third sense that we employ the terra engraving 
us the head to this chapter. 

The art of engraving for the rolling press, is confined nearly 
to fi>e difierent modes, which artists distinguish from each 
other by separate names : the firtt kind is simply called En¬ 
graving, or Engraving with the tool; the second. Etching; 
the thitd. Engraving in Chalks; the fourth, Aquatinta; the 
fifth, Mezzotinto. 


OF ENGRAVING WITH THE TOO!.. 


The art of engraving with the tool is the most ancient of all 
the modes of engraving; and though, principally from the 
slowness of its execution, it is now but partially used, it is 
capable of a degree of spirit, force, and precision, which ren¬ 
tiers it admirable for historical designs, and which no other 
Ijranch of the art is equally capable of producing. The in¬ 
struments required to execute it are few and simple; they 
consist principally of gravers, dry-points, scraper, burnisher, 
cushion, and oil-stone. 

Gravers are small bars of steel, of a square or lozenge form, 
and with the short handle into wlych they are fitted, are about 
five inches long. One of the, angles of the bar is always on 
the under side of the instrument, and the point is form^ by 
bevelling the end from the uppermost angle. The square form 
is used tor broad strokes, ana the lozenge for fine ones. The 
upper end of the handle is a kind of knob, with the under side 
68.— VoL. II. 5 D 
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of It cut oft', in order that the inatrument may be med witli 
the steel nearly in a horizontal position. The goodness of the 
steel, as well as its temper, is of consequence; gravers are 
generally too hard when mrst bought; but they should not be 
softened too hastily, as. after a little grinding and whetting, 
they will be frequently found to answer perfectly, although in 
the first trial they were found too hard. For the method of 
tempering, when necessary, see vol. I,page 6. Weignay. How¬ 
ever, remark, that if a gniver will not make a mark upon cotn- 
TOcn frindow glass, it is too soft. Towards the extremity, the 
graver should bend upwards a little, in order that the point 
may be more readily prevented from digging into the copper. 
The bevelled part, and the two sides which form the edge, 
should be ruboed upon the oil-stone in such a manner as to tie 
quite flat. To take oft“ any hur which may be occasioned by 
the whetting, the point is iisualiy struck into a piece of box, or 
any other close-grained wood ; and its sharpness is tried upon 
the nail; if it will cut the n4il without leaving any jagged 
edge, it is fit for use. 

The dry-point or needle gonsists of steel wire, with a small 
cvlindricai handle, or it may he of a sufticient length and 
tliickness to be held without a handle. It should be tempered 
like a graver, and have a fine conical point; and should be 
entirely free from any angular edge, otherw ise it cannot be 
drawn upon the copper in every direction, without souielimes 
producing a xmighness which ought not to occur. 'I'he art of* 
whetting it perfectly, thbugh apparently a simple operation, is 
not acquired without considerable practice. The dry pojnt, 
when the bur w hich it raises is scraped oft’, leaves a softer and 
more delicate stroke than can he eft’ected by any other means. 

The scraper and burnisher are frequently made in the same 
piece, one at each extremity of a piece of steel, which is about 
seven inches long. The scraper has nearly the form of a tri¬ 
angular pyramid with the point cut off. It is used to remove 
the bur occasioned by the drv-point, and on similar occasions; 
any of its edges are used in this way. The burnisher is a cone, 
except that it is a little convex on the side; it is used to rub 
out scratches which appear on the plate, and to lessen the force 
of a line which has been cut too aeep. The scraper and bur¬ 
nisher are each about an inch or rather more in length, and 
the miiklie part of the ste^ is the handle by which they are 
held. * ‘ \ ■ 

‘1^ oil-stone should be a piece of the best Turkey heme 
vseei with olive oil. 

The cfilibion is a bag of leather filled with sand. It idionld 
he abo|#&ieie inches thick, and «lways less than the plate te 
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be engraved. Tbe plate is rested upon it, and may by means 
of it be more readily turned round, or in any direction, to 
produce the carves required. 

^Parallol liilers and compasses jvill be required as in draw¬ 
ing; the former should have a brass edge; and the latter should 
be entirely made of steel, with a spring instead of a joint at the 
head, and with a screw to regulate the opening of the limbs. 

The surface of the copperplate designed to be engraved 
should be perfectly^olished, very level, and free from every 
imperff^tion. The directions for polishing plates are given 
in vol. 1., but they are better and more cheaply prepared in 
London than elsewhere. When the plate is ready, the next 
point is to transfer to it an exact copy of the outlines of the 
design to be executed. For this purpose, heat the plate in an 
oven, or hold it over one or more candles, till it u ill melt white 
»'ax, a piece of which should then be rubbed over it, and al¬ 
lowed to spread till it forms a tliiii uniform coat over the whole 
surface; alter which the plate- may be left upon a table till it is 
cool. In the mean time, take a piece of transparent paper, the 
directions for preparing which are given at page 729, and 
fastening it upon the original design, in the usual manner for • 
tracing, draw the whole of the outlines in the most accurate 
manner with a black-lead pencil. The outline thus sketched, 
may be turned down upon the white wax with which the plate 
is coskted, and upon its being subjected to the action of a press, 
such as is used for packing, or kept between several thick¬ 
nesses of paper, under a heavy weigiit, for an hour or two, on 
taking it out, the lines on the transparent paper will be nearly 
eradicated, but a lively copy of them will be found transferred 
to the white wax on the plate, in the reversed position which 
is necessary to make an impression of the finished plate re¬ 
semble the original. The pencil marks on the wax being now 
traced with a fine steeljioint, so as just to touch the copper, the 
wax may be melted off, and a perfect outline of the design will 
be found on the plate. When any small subordinate part of a 
'design is to be transferred to the plate, the process is the same, 
except that the transparent paper is merely held down on the 
plate, and rubbed on tlie back with the burnisher instead of 
pressing. 

It is novr necessary to use the graver, the knob of the han¬ 
dle of which should rest against the hollow of the hand, the 
fore-finger extended towards the* point, the thumb on one side, 
and three fingers on the other, in such a manner that the gra¬ 
ver may be applied flatly to the plate, pressed forward with 
greater or less force, or wholly stopped, as occasion requires, 
ui any part of its progress. In forming straight lines, the 
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f klate Khould lie steadv lipon tlie cualiion; is forming curved 
ines, sometimes the plate only must be moved, while the graver 
in held steady; at otn^ timOs both the graver and plate must 
be moved, according as the artist finds he can with nost free* 
dom produce the desired efl'ect. The graver raises a slight bur 
on the sides of the strokes; these must be removed by the dejc* 
terous use of the scraper, ^hich must be prevented from re¬ 
moving any part of the general surface of the copger. T he 
real breadth and direction of the strokes fnay be seen by rub¬ 
bing them with a roll of cloth containing oil. for the^il will. 
sink into the strokes, and give them a blackish appearance. 
It should be remembered, however, that whatever diminishes 
the sharpness of the edges of the strokes, wilt diminish the 
sharpness of the impress^n they will yield* and therefore the* 
oil-cloth should be gently used, and as seldom as convenient. 
When ^road strokes are required, they should be made of 
several strokes very close togeftier, and cut till they are a little 
below the general surface of the copper. By this means the 
bottom of 4,110 broad stroke will have a roughness which is 
necessary for it to retain the ink while cleaned bv the printer 
• but it is no hinderance to the ink being taken up by the paper. 
If the broad strokes were produced at once by the graver 
their depth would be such ar to overload the pa|>er with 
ink. 

Scratches and very slight imperfections of the strokes, may 
•be rubbed out with the burnisher; those which are rather 
deeper, will require the scraper, and afterwards the burnisher; 
but to take out the deepest strokes, the copper must be ham¬ 
mered up on the back^ and when the defective part is so much 
raised, tnat the false strokes w ill disappear by reducing it to 
the general level, it must be rubbed as in polishing a plate at 
first, and finished with a piece of soft charcoal. 

Engraving with the tool is principally employed for the 
finest historical pieces, and figures, where straight lines are in- 
admissable; ana no instniction can be wfitlen which is com¬ 
parable to what may b€i*< derived from studying the manner iii 
which the most eminent artists, as Strange, Hall, Woollet, 
Partalozzi, Heath, Sharp, and others, have expressed different 
subjects. Although strokes may be crossed in every direc¬ 
tion, yptihe crossing which produces the best effect, is that 
which leaves intervals of a medium figure between the square 
and the loaenge. Gently curved lines must alway* be em¬ 
ployed for the exterior of the human figure, and where they 
are broken off, ^eat care must be taken to prevent any ap¬ 
pearance of haraness. ' 

When squlpiure is represented, as’it is always supposed to 
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be white marble or stone, the engraving should be light and 
smooth, the eye should have no pupil, and a certain degree of 
Htiffues's or clotted appearance must be given to the diair. 
Linen shcuald be represented by smaller and closer lines than 
other sorts of cloth, and by single strokes, except in some of 
the shades where it may occasionallv be proper to have double 
strokes, to produce a good effect. Woollen cloth should have 
tw(f strtj^es, and they ought to be fine or wide according to 
the supposed fineness or coarseness of its texture. In cross¬ 
ing the strokes, the second should be finer than the first. 

Shining stuffs, such as silk or satin, require strokes which 
are harder and straighter than others; when their colours are 
bright, th^y are done with a tingle stroke; when dark, they 
sequire a double one; and the first strokes should be inter¬ 
lined by others which are finer. Shining metals, glass, and 
smooth water, require clean single strokes, interlined by finer, 
except at the place of strongest reflection, where the strokes 
should be single. For smooth water, the strokes must be 
hunzoutal; in ruffled water they must follow the coarse of the 
waves. 

In representing mountains, the direction of the lines 
should be frequently interrupted, to shew the. irregularities 
of the surface ; but the greater the distance, the less of this 
should be perceived. 

Dark clouds greatly exercise the skill of the engraver,* and 
generally require two strokes. Sometimes one set of the 
strokes are curved, and the other straight; sometimes both 
are curved ; but in all cases, the intervals are more lozenge 
limn for other objects. A serene sky is represented by 
Strokes parallel to the horizon, or by strokes following the 
same direction, but gently waved. According to the general 
rule for the sky, the strokes must be gradually stronger as 
they recede from the horizon. 

In the lights of drapery, and other parts where a few fine 
strokes are required, they should be put in with the dry-point, 
aS that will give them the utmost clearness and lustre of wdiich 
the art admits. 

The direct light of the sun falling upon copper, produces a 
glare which prevents the artist from prcfperly seeing and exe¬ 
cuting his-work. A screen is therefore employed, formed of 
tissue paper pasted upon a slight frame, which is placed in a 
sloping direction before the window at which the artist sits, 
aiiu the light he receives passes through it. 

Even of those engravings which are considered as wholly 
executed by the tool, the dark shadows, and such objects as 
trees, are usually done by.etching, to which we now proceed. 
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OF ETCHING. 


In this mode of engraving, the strokes and dots on the co{>- 
perplate, instead of being cut with a tool, are corroded bjs an 
acia, by which means the effect of engraving is prochi\:ed with 
great expedition. To perform it, the plate is covered with a 
Uiin coat of a resinous substance, unon which the acid em¬ 
ployed has no action; the design, and all the lines it requires, 
aje’next traced with a steel point, so a.s just to cut through the 
resinous substance; an acid is then poured upon the plate, and 
allowed to remain on it, till it has corroded the metal to a sufti- 
cient depth in all the places where the tracing has been made. 

The resinous composition which is laid upon the plate, is 
called the p-ound: and the instruments which are used to make 
the requisite lines upon it, are called etching needles. A dry- 
point may in fact be used as an etching needle, and vice vena, 
and the 'manner of whetting both is the same; but etching 
needles are required of'several tliickncsses. They generally 
consist of pieces of steel wire, about two inches in length, 
inserted into cylindrical handles of hard wood, about five 
inches long, and the third of an inch in diameter. The steel 
tapers gradually towards the point, except a small portion of 
the extremity, which is made conical. T hqy are whetted in a 
small groove made at one end of the oil-stone. 


Of Etching Grovnds. 

A great variety of compositions have been recommended 
for etching grounds, and almost every artist has some peculi¬ 
arity in the mode of preparing the one he uses ; but the gene¬ 
ral nature of the ingredients is in all the same. There a.e 
'Ahree kinds of grounds in use, the hard, the common, and the 
soft, and for each kind, the foilo\ying recipes may be ednti- 
.dgred as of the best Mithority. 

Soft Ground* 

Take'onc ounce of white or bleached bees-wax, one ounce 
of asphid^um, half an ounce of common pitch, and half an 
ounce of Burgundy pitch. Melt the wax over a slow fire/ in 
a pq^ of glazed eartnenware; add ^ it the rest of the ingre- 
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clients by little and little, stirring the mixture all the time it 
is on the hre. The asphaltum should be pounded in a mortar 
before it is put in. Care must be taken to prevent its burn¬ 
ing, by tfsing a low heat. JliVhen the whole is thoroughly 
melted and incorporated, take it off the fire, throw the whole 
mass into a vessel of clean warm water, and knead it with the 
ha^ds into balls about the size of walnuts, or ji little larger. 

In suisaner the ground should be made rather harder than 
in winter, by increasing the quantity of asphaltum, or conti¬ 
nuing the boiling for some time after the incorporation of the 
ingredients. 


Common Ground. 

This composition is a medium between the hard and the 
soft ground, and is the most extensively used. Lowry, whose 
merit and success as an artist have never been excelled, is said^ 
to form it with three parts of asphaltum, two of Burgundy 
pitch, and one and a half of white wax. The asphaltum must 
oe powdered and melted first, and the other ingredients being 
added as soon as it is in a state of fusion, are thoroughly 
mixed with it; the whole is then poured ont into warm water, 
and kneaded into balls. 

This is an excellent composition: it is adapted to temperate 
weather: in very cold weather, the proportion of pitch may be 
a little increased ; for very hot weather, it may oe hardened 
bv boiling it rather longer than would otherwise be necessary, 
if in kneading the etching ground, any part of it Should ad¬ 
here to the hand, it may be entirely removed by a little fresh 
butter, having first rubbed off the principal part with a towel 
after warming the hands at the fire. 

*Hard Ground. 

, Take four ounces of fat oil, very clear, and made of good 
linseed oil, like that used by painters. Heat it in a mean 
earthen pipkin, add to it four ounces of powdered gum mastic, 
and stir the mixture briskly, till the whole be well combined. 
Then press the whole mass through a pie^e of fine linen, intfi 
water, and form it into balls like the grounds above^described. 
This is the hard varnish used by Callot, and is'called the 
Florence varnish^ It answers perfectly well. 
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Pbepahation of the CopPEB FOE Etchino. 

The coppei^late for etching is prepared in the same manner 
as for engraving with the tom, and it should he cleansed from 

f reasiness by robing it ivith a clean cloth a^d Spanish wl^ite. 

0 cover it with the ground it must be heated, as foak,example 
in a common kitchen oven, or by holding it over a chafing dish 
of buniing charcoal. When it is hot enough, a ball of the 
ground to be used should be in readiness, tied up in a piece 
of tifiany, and should be dabbed all over the heated plate, till 
a sufficient quantity of it is melted, to form a thin coat. That 
there may be no bubbles, or want of continuity in the ground, 
which would be filtal to succc'ss in the sulisequent operations, 
the ground should be dabbed and united witti a ball of cloth, 
till it begins to stiffen; and the ground must never be heated 
so much as to smoke. The next operation is to blacken the 
varnish, which is done by holding the surface covered with it 
over the flame of one or more caudles, according to the sire 
of the plate, and moving it about till every part has been 
blackened by the Smoke. The plate should never touch the 
snuflT^ and as soon as the blackening is complete, it must be 
left to cool in a place where it will not receive the least dust. 
The blackness of the ground renders every stroke made with 
the needle distinct, from the lirightness of the copper which 
immediately appears. 

To tranwer the design to^the ground, it must be traced upon 
transparent paper as mr et^raving with the tool, except that a 
pen and Indian ink shoulc be employed instead of a»pencil; 
this ink will easily mark the transparent paper, if mixed with a 
little ox-gs|)l; another thin piece of paj^r must then be smeared 
with red chalk, which should be ruW^ed on til! it covers the 
paper equally, and will not" easily come off"; the chalked side 
of tMs paper must be placed Bat upon the ground on the 
plate, and the traced side of the transparent paper must be 
placed next tq it, and both secured from moving ny pieces of 
wax at the comers. In the distinctness of the design on the 
transparent paper, there "Will scarcely be any difference of the 
sides; and therefore alf the lines may be gone*over wi^ a 
blunted sieel or ivory point. On lifting up the papers, a 
distinct outline will be found upon the ground, in coniequence 
of tile red chalk adhering to it, wherever U received the 
prOiStite of the poiht. And as the back of the bransppent 
paper has be^ traced upon, the design on the ground will be 
reversed, with respect to right end left, so that the impression 
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of the plate will resemble the original: but if the contrary 
be desired, it is Only necessary to trace upon the right side 
of the transparent paper. The etching needle must now be 
used, an<f lines to form the outlines and shades must be traced 
with it, either by hand or with the assistance of compasses and 
parallel ruler, as the case requires ; taking care to use different 
neadies, according to the fineness or strength of the strokes 
required: 

Oval-pointed needles are the most proper for strong strokes. 
The needle should be held as nearly upright as possible. 

The varnish raised by the needle, to prevent its stopping 
up the lines in any part, should frequently be removed from 
the plate with a large camel's hair pencil. The whole design 
being completed/ the plate is ready for biting. 

Of Biting and Rebiting. 

Pr*'vious to the use of the acid, the plate should be ex- 
Hiiiined, and if any improper strokes have been made, or if the 
ground be any where broken up, a composition called the stop¬ 
ping mixture, must be immediately applied to it. This is 
iormed of turpentine-varnish and lamp-black. It may be ap¬ 
plied to the ground with a earners hair pencil, and will, when 
drj'. answer the same purpose as the original ground, either 
for tracing upon with the needle, or wholly to resist the acid: 
but when turpentine varnish is intended to be traced upon 
with the needle, it should only just be suffered to dry till it 
has lost its adhe.siveness; as in the course of time it becomes 
brittle, and under the needle flies from the copper in flakes. 

The design being complete, the plate is surrounded with a 
border or wall, about an inch hign, composed of bees’ wax, 
softened by the addition of one third of tallow. The common 
nitric acid of the chemists, diluted with something more than 
an equal quantity of water, is now poured upon the plate, to 
the depth of about half an inch. Tne acid will speedily begin 
to act upon the copper, where it has been laid bare by the 
strokes of the needle, and bubbles W'ill immediately rise to the 
surface. These must be cleared away with a feather, as fast a» 
they appear, and also such as are observed to adhere in the 
strokes. 

When the faintest parts of the design are supposed to be 
sufficiently bitten, the nitric acid is poured off by a spout left 
for that purpose at one corner of the border, and only slightly 
stopped with a separate piece of wax. The plate is washed 
with water, and all the parts supposed to be sufficiently bitten, 
59. VoL. II. 6 E 
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are, when dry, covered with the stopping mixture already 
mentioned. The spout is now filled up, the acid poured on 
again, and the same operation repeated till alt the shades are 
sufficiently bitten. Tlie plate, after being washed, is then 
heated, and some olive oil being poured upon it. the ground is 
wholly removed with a linen mg, and the plate made clean 
with the oil-rubber. The dirt which remains in the lines may 
be washed out with spirits of turpentine. 

No precise direction can be given for the length of tinu! 
which the acid must remain upon the plate, and the real deptlj 
of the biting cannot be known, by examining a plate wdiile the 
varnish is on it. From half an hour to au hour is the usual 
time for fine work, but f«»r large designs of bold character, tiui 
trunks of trees, dark foregrounds, and other parts to be ex¬ 
pressed with similar force, a day or even several days must b«- 
employed in successive operations of biting. The elfect of the 
acid must be ascertainea by scraping off a small part of the 
ground, to examine the plate; or by using a spare piece of 
plate, upon which a ground is laid, and lines drawn similar to 
those on the true plate, and trying what time the acid to he 
used requires fur producing the efi'cct desired. It is, however, 
to be observed, that the same acid will have ditferenl effet ts 
on the same copper, in seasons of difierent temperature, its 
its power being weakened by cold ; and even so slight a cir¬ 
cumstance as that of the sky becoming overcast and gloomy 
during the operation of biting, will retard the action of the 
acid. 

When the ground is entirely cleared away, and any part is 
observed to be over-bitten, it may be corrected by rubbing it 
with the burnisher, if it be slight; but if the excess of biting 
be considerable, the copper must be rubbed down wdth char¬ 
coal. 

When any part of the plate is materially too faint, it may be 
rebitten, but this is a very delicate and hazardous operation. 
A little of the etching ground being melted on a snare piece 
of copper, it may be taken up by the dabber, and daubed upon 
ibc part to be rebitten in such a manner that it may not enter 
former strokes, but merely adhere to the uncut part of the 
copper. The part is then surrounded with wax, and the acid 
used in the customary manner. The strokes to be rebitten, 
muai, before the ground is again implied, be entirely cleansed 
from any foulness, by the use of spirits of turpentine, and 
afterwards rubbing the plate with the crumb of bread. 

tile art of etching in its infancy was considered as a spurious 
kind of engraving, and those who adopted it, from the facility 
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with which it was performed, were anxious to conceal their 
use of it, and to give their work as much as much as possible 
the appearance of having been executed with the graver. 
Hence thl;y used the hard ground or varnish, as it produced 
the sharpest lines, and was best adapted to their purpose. 
But when the peculiar excellencies of the two arts W'ere ascer¬ 
tained, etching was better appreciated ; this concealment was 
nor long'*r necessary, and therefore the common ground, for 
general use, has entirely superseded the hard ground, because 
it admits of so much more freedom in the use of the needle. 

Etching is peculiarly adapted to the expression of all objects 
which are termed picturt“'fjue, such us ancient buildings, cot¬ 
tages, rocks, uneven ground, trees, and verdure in general. 
This arises from the freedom with which the lines forming these 
objects may be drawn with the needle, which may be used in 
the same manner as a black-lead pencil, and also from a cer¬ 
tain agreeable roughness left in the strokes nhen the acid is 
allowed to bite freely. But etching has also the apparently 
opposite property of being well adapted to smooth flat sur¬ 
faces of evt ry deseriplit»n. This arises from the uniform ac¬ 
tion of the acid in luting the strokes in every part alike; a 
property in which it can never he rivalled by the graver. 

It has been mentioned, that plates prcjfessed to be done 
with tin- tool, are scarcely ever executed without some assist¬ 
ance from etching ; it may be added, that the copperplates 
professed to be etched are scarcely ever committed to the 
press without some touches of the graver and dry point. The 
two arts mutually and essentially assist each other. 

Here we must mention, as one of tlie most signal improve¬ 
ments which has been made in the art of etching, since its first 
discovery, the use of machinery to draw the lines upon the 
et( lung ground. All kinds of mathematical and mechanical 
designs consist almost entirely of straight lines and regular 
curves, the whole of which can be drawn by machinery, with 
^ precision that the eye and hand can never equal. Lowry 
appears to have been the first who used machines in this way, 
and his performances are truly admirable. Machines for ruling 
equidistant lines, both straight and waved, are now commonly 
made in London; they consist of a straight bar of brass or 
steel, upon which slides a socket with a steady but easy mo¬ 
tion. To the side of the socket is fitted a perpendicular tube, 
which receives a steel wire, or any other hard substance, called 
the pen. This pen has a point like an etching needle, and it 
is pressed down by the action of a spring. If then a copper¬ 
plate, covered with the etching ground, be placed under the 
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ruler, which should be supported at each end, and raised about 
an inch above it, the point of the pen may be caused to reach 
it; and if tlie socket to which the pen is attached, be drawn 
along the bar, it will form a straight line upon the plate, more 
even, but in other respects the same as if that line had been 
drawn by hand witli a ruler. Now if the plate or the ruler, 
after a line is drawn, be^moved backwards or forwards, iy a 
direction parallel to tills first line, any number of iinca^may be 
drawn in the same manner, and a design consisting only of 
straight lines might be entirely completed. In the machines, 
therefore, a very exact screw, acting upon a box confined by 
a slide and connected with the bar, or the board upon which 
the plate rests, produces the reijuisite motion; ana a contri¬ 
vance or index is used to measure the exact portion of a turn 
required, before any stroke is drawn. Such is the principle 
of the machines nu»st generally used; those for drawing curves, 
arc adapted to the wants of particular eiisrravers, and have 
hitherto been made under their own inspection. One remark, 
however, applies to them all; the point or pen employed, 
should not be made of steel, which, nowever well tempered, 
will require frequent wetting, and must therefore inevitably 
draw strokes deficient in perlcct uniformity. The pen should 
have a diamond point, which, when once properly ligured, re¬ 
mains constantly the same, and imparts an admirable degree 
»>f regularity and sweetness to the work ; a diamond point 
has the further advantage, that the etching ground never ad¬ 
heres to it, as it does to steel. 

As copper, though the most suitable of all the metals for 
engraving, wears very fast under the action of cleaning, which 
it re(|uires for each impression taken from it, many attempts 
have been made to secure the durability of etchings by using 
glass instead of copper; for if glass be coated with wax, it 
may be etched by the same process as copper, using only 
fluoric acid instead of the nitric. The surface of glass would 
liear cleansing, without injury, incomparably longer than cop-^ 
per, if it could be made to sustain the pressure of the rolling 
press: Uib has been attempted, by bedding the plate of glass 
in plaster of Paris, but it is still so liable to sudden destruc¬ 
tion as to prevent its being adopted. 
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OF ENGRAVING IN CHALK. 

This mode of engraving is intended to imitate crayon draw¬ 
ings. It produces this effect by dots made near each other. 
It lias af late years been much employed, and when carefully 
executed has a soft and pleasing effect. 

The copperplate is prepared, and the ground laid upon it, in 
the same manner as for etching. In the tracing also of the de¬ 
sign upon the ground, no difference occurs; but afterwards, in 
using the needle, no continued lines must be made either for 
the outlines or any other part, but dots only. The dots must 
be small in proportion as the work is intended to have a fine and 
smooth appearance; and their nearne.ss to each other must be 
increased or diminished according to the depth or lightness of 
the shade required. Sometimes the dots are uniformly spread; 
in other examples they are disposed in lines, of two or three 
dots broad, with white spaces between, to imitate the separate 
strokes of a crayon. Both these styles may be introduced into 
the same piece, with the best effect. The dots frequently run¬ 
ning into each other, is no disadvantage. 

After the nitric acid has remained upon the plate a sufficient 
length of time for the lightest shades, it must be poured off, and 
those shades must be stopped with turpentine-varnish. The 
other shadesare then stopped in succession, as in common etch¬ 
ing; and if, after the ground has been removed, and an impres¬ 
sion taken, any partis found to be too light, it may be rebitten, 
by a careful attention to the directions already given for that 
process. 

After all the parts which require the least precision have 
been executed by etching, a considerable proportion of the la¬ 
bour of the best engravings in chalk still remains to be pro¬ 
duced by the tool. To use the graver for making dots, it is the 
*mo8t convenient to reverse its situation in the handle, so that 
the angle which is undermost in the common mode of using it, 
will be uppermost, and it will then make the impression re¬ 
quired upon the plate, while held in a mtich less inclined posi 
tion than usual. 

To diminish the labour of forming dots, small wheels with 
one or more rows of teeth in them, have been used ; the effect 
produced by machines of this kind is deficient in precision 
and freedom, although they may be used in large works. 

Engraving in chedk is well adapted to the human figure. 
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and also fV>r dowers. It is a tedious o{>eratioii, bat reqoirea 
labour rather than genius. 


OF AQUATINTA. 

An impression from an engraving in aquaiinta resembles a 
drawing executed in Indian ink. Its appearance is soft and 
pleasing, and it is a style well adapted to ruins and picturesque 
scenery, where precision is not of much consequence. It is 
therefore greatly in vogue for landscapes; and it is recom¬ 
mended by the facility with which it may be executed. 

Tlie principle upon which aquatinta is performed may be thus 
explained: theconperplate, prepared in this customary manner, 
is sprinkled evenly with a resinous substance in powder; the 
plate being warmed, the resin adheres in a granulated form to 
the plate; the nitric acid is then poured on, and immediately 
attacks the copper, in all the innumerable interstices w'here it 
is left uncovered by the resin ; and if an impression were taken 
of the plate, the effect would be like a w’ash of Indian ink. 
The dinerent shades are produced by the longer or shorter 
time which the acid is allowed to act upon the plate. 

In the ordinary aquatinta process, the plate is covered with 
a common etching ground, and the outlines of the design are 
etched in the usual manner. The ground being removed, the 
plate is slightly rubbed with the oil-rublH‘r. It is then dusted 
with gum copal, reduced to a very fine powder, and sifted to 
make it even. The copal should be tied up in a musltu bag, 
and should he scattered by striking the hand which holds it 
against a ruler, or some other substance held in theother hand. 
By this means a very equal shower of dust may be obtained, 
which will adhere in some degree, on account of the oilinesa 
of the plate; but any part which is loose, may be removed by 
striking the plate against a table. The plate may be then 
slightly warmed, till the gum changes colour, which will be 
an evidence that the adhesion of the gura to the plate is suffi¬ 
cient to resist the acid. If any part of the plate is to remain 
untinted, it must be covered with the turpentine-varnish used 
in etching; the plate is then surroundea with wax, and the 
nitric acid is poured on as in etching. As soon as the lightest 
shade is proouced, the nitric acid is poured off, the plate 
washed, and every part sufficiently bitten is stopped with the 





turpentine-varnish. The same operation is repeated for all the 
shadows, till, after three or four operations, the plate is finished. 

In preparing the gum copal, it is, after being powdered, put 
through sieves which vary in fineness; the different parcels are 
kept in separate bags, and used in succession, beginning with 
the finest; for if the coarsest powder had not a fine ground to 
rest upon, it would produce a shade consisting of disagreeable 
daubs ftiul clots. A great variety of resinous substances 
might be employed, but gum copal is the most suitable. 

The time w hich the acid should remain on the plate, is best 
ascertained, as in comtiion etching, by experiments on small 
pieces of B[>are plates. 

The latest improvement which has been introduced into the 
art of aquatinta, has been made by J. Ha.ssel, of London, who 
communicated his process to the Society for the Encourage¬ 
ment of Arts, &c. The following information on the subject 
is derived from his own account. 

By this improvement, the artist can sketch his subject, with 
a black-lead pencil upon the copper, with as much facility as 
upon paper; and the art of engraving from this sketch is so sim¬ 
ple and easy, that an artist can do it with five minutes’ study. 
The trouble*of tracing on oil-paner, and other retracing on the 
etching ground, is avoided, and the d()ul»tful handling of an 
etching needle is done away, as the pencilling on the copper is 
visible in the smallest touch. It has also another j)erfection, that 
by using a broader instrument, it will represent black chalk. 

This new plan is particularly pleasant for colouring up. to 
imitate the freedom of drawings, as the lines are soft, and blend 
in with the colour. It is a circumstance always objectionable 
in the common method of etching, that those so tinted can 
never be sufficiently drowned, nor destroyed, and always pre¬ 
sent a wiry hard effect. The plan is equally adapted to his¬ 
torical sketching, and might be the means of inducing many 
of our eminent painters to hand down to posterity their 
^ketches, which at present they decline, from the irksomeness 
of retracing their performances, and the uncertainty of success 
with the etching needle. 

The style in question differs essentially from what is termed 
soft ground etching : that process is always uncertain, cannot 
be repaired, and will only print about two hundred impres¬ 
sions; whereas, the specimens by the proposed plan will 
admit of being retouched if any part fail, and will print five 
hundred impressions with care. 
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Process Drawing vpon Copper, to imitate black-lead Pencil or 

Chalk. 

A remarkably good polish must be put on the copper with an 
oil-rubber and crocus inartis, (colcotnar, or red oxhU* of iron,) 
Well ground in oil, after which it must be cleaned ofl'w ith whit¬ 
ing, and then rubbed with another clean rag. Then pour over 
the plate the solutiou to cause ground, which is made as follows: 

No. 1.—Three ounces of Burgundy pitch. 

One ounce of frankincense. 

These are to be dissolved in a quart of the best rectified spirits 
of wine, of the strength to fire gun-powder when the spirits are 
lighted. 

During the course of twenty-four hours, this composition 
must be repeatedly shook, until the whole appears dissolved; 
then filter it through blotting paper, and it will be fit to use. 

In pouring on this ground,an inclination must be given to the 
plate, that the superHuous part of the composition may run off 
at the opposite side; then place a piece of blotting paper along 
this extremity, that it may suck up the ground that will drain 
from the plate, and in the course of a quarter of an hour the 
spirit will evaporate, and leave a perfect ground that will cover 
the surface of the copper, hard and tlry enough to proceed with. 

With an exceeding soft black-lead pencil, sketch your design 
upon this ground, and when finished take a pen and draw with 
the following composition, resembling ink : if a thin and deli¬ 
cate outline is desired, draw with a sharp-pointed pen ; if the 
imitation of a chalk drawing is intendeu, a very soft and 
broad-nibbed pen will be necessary, or a small reed. 

No. 2.— Composition, resembling Ink, to draw the Design on the 

Copper. 

Take about one ounce of treacle or sugar-candy, add to this 
three burnt corks, reduced by the fire almost to an impalpable 
powder; then add a small quantity of lamp-black to colour it; 
to these put some weak gum-water, (made of gum-arabic,) and 
grind the whole together on a stone with a rauTler: keen reduc¬ 
ing this ink with gum-water until it flows with ease Irom the 
pen or reed. 

To make the ink discharge freely from the pen, it must be 
scraped rather thin towards the end of the nib, on the back part 
of the quilt: and if the liquid is thick, reduce it with hot water. 
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Having made the drawing on the copper with this composi¬ 
tion, dry it at the Are until it becomes bard; then vamisn the 
plate all over with turpentiiie-varnish. 

It will*now be necessary to let the varnish, that is passed 
over the plate, dry, which will take three or four hours at 
least; but tliis will depend on the state of the weather; for if it 
should be intensely hot, it ought to be left all night to harden. 

\\’hep the varnish is presumed to be sufficiently hard, you 
may rub off with spittle the touches made with the foregoing 
described ink, and use your finger to rub them up; should it 
not come off very freely, put your walling-wax round the mar¬ 
gin of the j)late, and then pour on the touches some warm 
w ater; but care must be taken it is not too hot. 

The touches now being clean taken off, wash the plate well 
and clean from all impurities and sediment of the ink, w'ith 
cold soj'l w ater ; then dry the plate at a distance from the fire, 
or else in the sun, and when dry pour on nitric acid, which 
should, in cold weather, be prepared as follows: 

To one pint of nitric acid, or strong aquafortis, add two 
l>arts, or twice its quantity, of soft water. 

In hot weather, to one part of nitric acid, add three parts 
of water. 

In every part of this process, avoid hard or pump water. 

The last process of biting in with nitric acid, must be closely 
attended to, brushing ofll’ all the bubbles that arise from the 
action of the acid on the copper. 

In summer time, it will take about twenty minutes to get a 
sufficient colour: in winter, perhaps half an hour or more. All 
this roust depend on the state of the atmosphere and tempera¬ 
ture of the room. If any parts require to be stopt out, use tur¬ 
pentine-varnish and lamp-black, and with a camel’s hair brush 
pass over those parts you consider of sufficient depth : dis¬ 
tances, and objects receding from the sight, of course ought not 
to be so deep as the fore-ground; accordingly you will oblite¬ 
rate them with the foregoing varnish, and then let it dry, after 
^hich the acid may be applied a second time, and repeat this 
just as often as you wish to procure dift'erent degrees ol colour. 

Every time the acid is taken off, the plate must be washed 
twice with soft water, and then set to dry as before. 

To ascertain the depth of the work, rub a small part with a 
piece of rag dipped in turpentine, and then apply the finger, 
or a piece of rag rubbed on the oil-rubber, to the place so 
cleared, and it will give you some idea of the depth. 

The walling wax is taken off by applying a piece of lighted 
paper to the back of the plate, all round the opposite parts of 
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the mai^ia where the wax is placed; then let the plate cool, and 
the whole of the ground, &c. will easily come off by washing 
the plate with oil of turpentine, which must be used by passing 
a rag backwards and forwards, until the whole dissblves; it is 
then to be cleaned off by mgs, and care must be taken that 
no part of the turpentine is left hanging about the plate. 

If any part is not bitten strong enough, the same process 
ia to be repeated. 

The plate should only pass once through the press, in taking 
the impressions from it. 


Dirrcti<ms respecting Grounais, Gum-n'ater, Stt, 

No. 1.—^Thc ground in hot weather must hare an additional 
oae>third of spirits of wine added to it for coarse grounds, to 
represent chalk; and one-half added to it for fine grounds, to 
represent blacklead pencil; and always to be kept in a cold 
place in summer, and a moderately w arm situation in winter. 

Gum-water must be made in the proportion of half an ounce 
of gum-arabic to a quarter of a pint oi water. 

Turpentine-vamisn is composed of an ounce of black rosin 
to an eighth part of a pint of spirits of turpentine. If the 
weather is excessively warm, it ought to be made with a sixth 
part of a pint of spints of turpentine. 

Tracing-rag should be maae of a piece of Irish linen, not 
too much worn, the surface of which is to be rubbed with 
another rag dipped in sweet oil, just sufficient to retain a 
small portion of rermillion or pounded red chalk. This must 
be placed with the coloured part towards the ground of the 
plate, and the drawing or tracing laid upon it, which must be 
traced very lightly with a blunt point or needle. 
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OF MEZZOTINTO SCRAPING. 


Engravini^ in mezzotinto resemble Indian ink drawings; 
they differ Kom those in aquatinta, with respect to which the 
same observation is usually made; and yet mezzotintos and 
aquatintas differ from each other. The difference can scarcely 
be distinctly described, but on closely examining the shades 
of mezzotinto, they appear to be composed of lines or hatches 
crossing each other in all directions; while the shades of aqua¬ 
tints, examined in the same way, have a granulated appear¬ 
ance. Mezzotinto has about the same degree of merit ffor 
portraits, that aouatinta has for landscapes. 

The tools employed in this art are the grounding-tool, bur¬ 
nishers, and servers. The grounding-tool has the shape of a 
shoemaker's knife, with a fine crenelling edge. It is used to 
indent the plate with lines in every direction. The burnishers 
are like those used in etching, but are required of various 
sizes. The scrapers are formed of blades like a surgeon’s 
lancet: they are also required of various sizes. 

The copperplate designed for mezzotinto, is prepared in the 
same manner as for every other species of engraving. The first 
step of the process is to mark upon it the limits of the design, 
ana within these limits the grounding tool is employed. It is 
pressed upon in an even, steady, and moderate manner, and 
with a rocking motion advanced over the plate, till the whole 
space within the limits is covered with lines. These lines are 
crossed by others at right angles. The two diagonal direc- 
* tions are men taken. The whole series of lines is then repeated 
several times, taking care not to enter the same lines twice; 
till at length, by the extreme closeness of the lines, the origi¬ 
nal surface of the copper is entirely destroyed, and if an im¬ 
pression were taken from the plate, it would present a uniform 
and completely black shade. This operation is called laying 
the mezzotinto ground. 

To the ground thus formed, must now be transferred the 
outline of the design. The ground is blackened bv the smoke 
of a taper, and the back of.tne design, or a copy of its outlines 
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ou tn)n8>>arent paper, beiuj^ rubbed with red chalk, ia laid upon 
it, and the outlines traced with a blunted point. The red chalk 
on the back marks the plate wherever it receives the pressure 
of the point, and when tlie paper is removed, thes6>outlines 
are rendered permanent by tracing them w ith a blunted dry- 
point upon the copper. 

Tbis progress having been made, it must be observed, tlt.at 
the original ground, without any alteration, serves for all the 
deep shades; but the lights, and light shades, are all produced 
by scraping or burnishing clown this ground, either entiredy 
or in part, the strongest lights heiiig produced the first. The 
burnisher is chiefly used utter the scraper, to clear the strong 
lights. As this process goes on, therefiire, frequent proofs 
or impressions should he taken of the plate, to observe the 
effect; and if too much of the ground has in any ease been 
removed, it must be again formed by a small grounding-tool. 


OF ENGRAVING ON WOOD 


The wood most proper fur engnn ing upon, is bo.K-wood. 
which should be cut to the height of printing types, by slices 
from the trunk of the tree, cut at right angles to the pith. 
This is done in order that the engraving may he executed on 
the end of the wood, as the graver will not, in all directions, 
make a smooth stroke upon any other side of the wood, nor 
would the work be so durable, if the fibres did not stand 
perpendicularly, while the block would be more liable to ‘ 

^e piece of wood being planed very smooth, the design is 
drawn upon it with a black-lead pencil; then every black line 
which the engraving is to exhil>it, is to be left untouched, but 
all the intermediate spaces are to he cut out with the square 
or lozenge gravers, used to copper, or with tools of various 
sizes, with nandles like gravers, and the same length, but 
shaped like chisels. In this process, it is obvious that manual 
deiterity is the main requisite. 
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In engraving? upon copper, every patt which is to be white 
must be left untouched, and the black lines raust be indented: 
in engraving upon wood, every part which is to be white must 
be cut out, and the black lines must be left standing. This dif¬ 
ference is demanded by the diff erence in the mode of printing. 

Impressions of engravings upon wood, have not the preci¬ 
sion and brightness of those from copper, neither do they bear 
close inspection so well, but they unite greater softness and 
force, when looked at from a little distance. Wood engraving 
has of all subjects succeeded the worst in depicting the human 
countenance; but to foliage, water, the trunks of trees, and 
old buildings, it is well adapted. 

The principal advantages of an engraving upon wood, are, 
that it can be struck off' at the same time as the letter-press 
of a book, and that at the lowest computation it will yield, 
without recpiiring repair, four times as many impressions as a 
copperplate. Hence it would appear that wood engraving is 
cheaper than that on copper ; and this is really the case, wh^n 
a moderate degree of excellence only is required. But let an 
engraving on copper, and the e.xpense of the best mode of tak¬ 
ing impressions from it, be set against an engraving on wood 
producing an equal effect, with the expense of the best im¬ 
pressions from it, and the copperplate will be found preferable: 
for the best mode of cutting in wood is very expensive, and the 
costlini'ss of the best inode of printing engravings of this kind, 
overbalances the advantages derived from the greater number 
of impressions they will yield. 

None but India paper will take very good impressions of 
wood-cuts, and paper of this description is not only scarce, but 
about five times the price of the best writing paper. Satin re¬ 
ceives particularly fine impressions of engravings in this style; 
where there, is much foMage, or water, the brightness of the 
lights admirably imitates tlie effect of sunshine. 

It is a singular fact, that one process in the art of engraving 
u()on wood, much practised by the early masters, is entierly lost. 
As those lines which are to appear white, in an impression taken 
from a wood block, must be indented or cut out with the graver, 
the crossing of lines, for shades, or for net-work, can very 
easily be effected, if those lines are to be white, and the ground 
blacK: but if the contrary be desired, viz. a white ground and 
black lines, reticulated work, which is technically called cross- 
thmig, although very coarse, becomes to the wood-engravers 
of the present day, an undertaking of immense labour and 
difficulty. Yet the early artists produced black lines crossing 
each other, apparently with as much facility as shades con- 
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sistiog of single lines, for some of ibem have introdnced into 
a sin^e piece, where they might have been spared, as much 
as would take a modem engraver years to accomplish. The 
circumstance of the large quantity of crossed shades which 
they produced, seems entirely to refute the supposition, that 
prodigious liberality of application, and not any peculiar 
secret, constituted their means; and conjecture has iiicherto 
been exercised in vain to assign another explanation of their 
mode of working. The artist who shall revive or discover 
an easy mode of cross-lining, will contribute much to the 
improvement, and perhaps to the extended application of 
this useful but laborious art. 



MISCELLANIES. 


INKS. 


Mkthoi) of making Black Writing Ink. 


In six quarts (beer measure) of water, boil four ounces of 
Campeachy log^wood, chipped very thin across the grain. The 
boiling may be continued near an hour, adding from time to 
time, a little boiling water, to compensate the waste by eva¬ 
poration. Strain the liquor while hot, suffer it to cool, and 
make up the quantity equal to five quarts by the further addi¬ 
tion of cold water. To this cold decoction, put 

1 lb avoirdupoise of blue galls, coarsely bruised, or 
20 02 . of the best galls in sorts, 

4 02 . of sulphate of iron calcined to whiteness, 
half 02 . of acetite of copper, previously mixed with 
the decoction till it forms a smooth paste, 

3 02. of coarse brown sugar, and 
6 02 . of gum Senegal or Arabic. 

These several ingredients may be introduced one after the 
other, contrary to the advice of some, who recommend the gum 
&c. to be added when the ink is nearly made. The composi¬ 
tion produces the ink usually called Japan Ink, from the iiigh 
gloss which it exhibits when written with, and a small phial 
of which is sold for sixpence. 
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The above ink, though possessing the full proportion of 
ever)’ ingredient known to contribute to the perfection of ink, 
will not cost more, to those who prepare it for themselves, 
than the commonest ink which can be nought by retail. The 
recipe was given to the public by Desormeaux. It answers 
for copying fetters by transferring from them an impression to 
a d^p sheet of thin unsized paper, passing through a sntall 
rolling press. 

When gum is very dear, or when no very extraordinary gloss 
is required, four ounces will be found suilicieiit, w ith one ounce 
and a half of sugar. The sugar is to impart a greater degree 
of fluidity, and consequently to make, the ink flow more readily 
from the pen, than it otherwise would, when the quantity of 
gum proper to give a high gloss is used. 

By using only twelve ounces of galls, to four ounces of sul¬ 
phate of iron, uncalcined, ( omitting the logwood, the acetiu* of 
copper, and the sugar,) and using only three ounces of gurti, a 
good and cheap common ink will be obtained. 

It appears of little consequence whether rain, river, or spring 
water is used; but it will always be safest to prefer one <»f the 
two former, where it can be obtained. 

Lamp-black has been addeil to ink, to prevent its colour 
from being destroyed by the action of the oxymuriatjc acid. 
It should be burnt in a closed crucible, to rendtrr it less oily. 
It causes the ink to write much less freely, although it may 
be useful for particular occasions. 


Rki) Ink for W kiting. 


Boil over a slow fire four ounces of Brazil-wood in small 
raspings or chips, in a quart of water, till a third part of the 
water is evaporated. Add during the boiling two drams of 
alum in powder. When the ink is cold, strain it through fine 
flannel. Vinesrar or stale urine is often used instead of water. 


Blue Ink. 

Take sulphate of indigo, which may be had of the dyers, 
and dilnte it with water till it produces the colour desired. 
It is with this sulphate, very largely diluted, that the faint 
blue lines of ledgers and other account books are ruled. If 
the ink were used strong, it would be necessary to add chalk 
to it, to neutralize the acid. 
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Indelible Ink for marking Linen, &c 

Dissolve in nitric acid any quantity of silver. This solution, 
if the silver has been alloyed with copper, will be of a sap¬ 
phire blue. 

In owier to separate the cojiper from the silver, add to the 
solution twelve times its wei<;htof distilled water, or, for w’ant 
of it, rain-water, and suspend in it a thin plate of copper. In 
proportion as this plate dissolves, the silver will precipitate 
Itself perfectly |)ure, in the form of a white powder. When no 
more of this powder w ill precipitate itself, the liquor should be 
ilecanted. The powder is then to be washed in a great quan¬ 
tity of water, until the w’ater thrown upon it is no longer of a 
blue cast, but remains perfectly limpid. The powder thus 
obtained is silver in its purest state. 

If this^ powder weighs one ounce, dissolve as much gum 
Senegal, and two drams of white glue (glue prepared from 
white leather or parchment will answer) in two ounces of dis¬ 
tilled water. Mix this solution with three drams of lamp¬ 
black well calcined in a close crucible. 

To manufacture this mixture properly, it should be triturated 
in a glass mortar. 

This operation being finished, the solution of silver, diluted 
in eight times its weight of distilled w ater, is poured upon the 
above mixture: the whole is then well stirred with a spatula, 
and the ink is made. 

This ink is fixed upon the cloth by means' of a mordant, 
which is thus prepared ; Dissolve two ounces of white glue, 
and as much isinglass, in six ounces of alcohol, and as much 
distilled water. This solution will be made in two days. The 
balneum maria is made use of for the purpose ; and care must 
be taken to stir the two kinds of glue from time to time. 

After the whole is dissolved, it must be filtered through 
flannel, in order to keep back all its mucilaginous particles. The 
liquid thus filtered, is preserved for use in a bottle well corked. 

The pari of the linen intended to be marked, must be wetted 
with this mordant, which must be allowed to become perfectly 
dry on it. The part must then be rubbed smooth with an in- 
stnunent called a polisher, which may be a piece of glass shaped 
like a pestle, or even the bottom edge of a common phial. The 
writing is then to be made with the mk, using a common hard- 
nibbed pen. Soap, or any other material used in washing, will 
take out the lamp-black, which is merely to give a stronger 
fi 9 .--VoL. II. 5 G 
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colour to the fluid when it is written with; but it never has 
any efiect upon the ink, or nitrate of silver, which itself forms 
a stronk black, after it has been a short time uritteu w ith, and 
exposed to the light. 


Sympathetic Inks. 

Sijrmpathetic, or secret inks, are those which are not per 
ceived till the paper upon which they are used has undertrone 
some prepamtion to render the charactere visible. A great 
number of compositions of this kind are known. 

If a weak tincture of {mils be written with, the characters 
will be invisible till wetted w ith a weak stdutionof sulphate of 
iron: or vice versa, a weak solution of sulphate of iron will not 
appear till moistened with the solution of galls. 

if a solution of alum be employed, the characters will be in¬ 
visible till the paper is immersetl in water, when they will be 
legible. 

A solution of acetate of lead in water will not appear till 
moistened with a solution of sulphurt;! of potass, which ren¬ 
ders it brown. 

The marks of diluted sulphuric acid are not visible till the 
paper is heated, when they become black. 

A weak solution of cobalt in nitro-muriatio acid will not ap¬ 
pear when it is written with, but by warming the paper it as¬ 
sumes a lively green colour. This colour possesses tne singu¬ 
lar property of disappearing, or nearly ho, when the paper be¬ 
comes col^, but of becoming again distinctly visible when 
brought to the fire; and this efleet will take place for an in¬ 
definite number of times. It has been sometimes used for 
drawings, which have all the appearance of representing bar¬ 
ren and desolate scenes, but when they are brought to the fire, 
a lively and beautiful vejrdure charms the eye. It might 
therefore be used for fire-screens with a beautiful effect. 

To make a blue sympathetic ink, dissolve cobalt in nitric*. 
' acid, and precipitate it by potash : dissolve this precipitated 
oxide of cobalt in acetic acid, and add to the solution one- 
eighth of common salt. This ink appears and disappears 
under the same treatment aa tlie last-mentioned. 

As it is disa^eeable to write with a colourless fluid, any of 
these inks may be mixed with cork, first burnt and finely pow¬ 
dered; when the w'riting is performed, the blackness may be 
remoydd by the use of Indian rubber, unless the paper has 
been semtehed. 
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CEMENTS AND LUTES. 


Cements for stopimng the Fissures in Iron Vessels. 

•Take six parts of yellow potter’s clay, one part of the filings 
of iron* and a quantity of linseed oil sufficient to form it into a 
paste of the consistence of putty. The paste should be beaten 
with a hammer to mix the ingredients. This composition is 
easily forced into the fissures of iron vessels, uhich when re- 

| )aired with it, have been tound to answer as well as if they 
lad ln‘en renewed.—The clay should be freed from water, 
by drying it in the sun. or a slow oven. 

Another cement to interpose between surfaces of iron, for 
evumple the Hanches of the pipes and other parts of steam- 
engines, is made of two ounces of muriate oJ ammonia, one 
ounce of Howers of sulphur, and sixteen ounces of cast-iron 
filings or turnings. Mix them vndl in a mortar, and keep the 
powder dry. When the cement is wanted, tuke one part of this 
mixture, and twenty parts of clean iron filings or borings; 
grind them together in a mortar, mix them with water to a 
proper consistence, and apply them between the joints. 

Blood Cement. 

A cheap and strong cement may be formed by mixing bul¬ 
lock’s bhmd with quick-lime. It soon hardiois, and therefore 
should be used immediately after it is made. It is used by 
coppersmiths, to lay over the rivets and edges of the sheets 
of copper in large boilers, to prevent leakage, but may be used 
for a great variety of other purposes. 

A cement having nearly tlie same properties as the above, 
is made by mixing drying linseed oil with quicklime. 

Cements for Stone. 

Plaster of Paris, used alone, is the cement which stone and 
marble masons place between the different pieces or joints of 
mantle-pieces, &c. but a better cement for jointing broken 
pieces of spars and stones, is formed by adding seven or eight 
parts of rosin to one of wax, and addins only a small quantity 
of plaster of Paris to strengthen it. 'The ingredients should 
be melted and thoroughly mixed together. In using this com¬ 
position, the pieces of stone to be joined, should be made suf 
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ficiently wann to melt it, and should be pressed closely to¬ 
gether, agreeably to the general rule, to leare as small a body 
of cement in the junctum as possible. 

Gum mastic alone, used in the same nanner al the last, 
namely, by heating the pieces till they melt it, forms a good 
cement, often used for agates and precious stones. 

Linseed oil and chalk, form the putty so much used by gla¬ 
ziers. The cement is stronger when white lead is used with 
the oil instead of chalk; such a composition is frequently 
employed for the joints of stone-work. 

A SoLOEK OR Cement which gives to broken Vessels 
OP Glass or China their original stren<;th. 

The principle upon which this is accomplished, consists in 
using a composition w hich fuses into glass, at a much less 
heat than the pieces to be united. 

Take two parts of white lead, one part of flint-gla8R,(of which 
table-glasses are made,) and one part of borax. Reduce these 
ingreoieats to a fine powder, and mix them well. This pow¬ 
der must be mixed witli water, and laid upon the edges of the 
broken pieces, with a camel hair pencil. The parts are then 
to be joined properly together, and kept in that state, bv means 
of wire. They are then placed in an oven, or in an iron pot 
over a charcoal fire gradually raised, till the composition melts 
into glass. The parts will he as firmly united as when new, 
and w'hen struck, will ring or sound in the same manner. 

The top of the pot, during the firing, should be closed with 
a tin-plate or iron cover, and the edges secured with clay ; 
except a small hole through which the operator suspends a 

J iiece of wire, to which is attached a bit qi china ware, witli a 
ittle of the cement or flux upon it. By the examination of 
this piece of china, it is known when the operation of firing 
is finished. 

Cements for China, Glass, &c. without heat. 

Glass and china may be cemented by means of vrhite paint, 
which is composed of linseed oil and white lead. This cement 
is merely a thin kind of putty. It holds with considerable 
firmness, and resists water; but is rather long in drying. 

A strong cement, insoluble in water, may be made from 
cheese. The cheese should be that of skimmed milk, cut 
into^alic^ef. liirowing away the rind, and boiled till it becomes 
a atrong teiiacious mass This water being washed oC it is 
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to be washed io cold water, and then kneaded in warm. This 
process is to be repeated several times. The glue is then to 
be put warm on a levigating stone, and kneaded with quick¬ 
lime. This cement may be used cold, but it is better to warm 
it; and it will join.marble, stone, or earthenware, as well as 
china or glass, so that the joining will be very strong, and 
s^rcely perceptible. When perfectly dry, it completely re¬ 
sists the effects of water, whetner hot or cold. 

Cement or Glue to resist Water. 

A solution of shell-lac in alcohol, added to a solution of 
isinglass in [)roof spirit, forms a cement that resists water, 
and may be used as a glue. On cements of this nature, see 
page 121, vol. I. 

Fi RE-pRoor AM> Water-proof Cement. 

To half a pint of milk, put an equal quantity of vinegar, in 
order to curale it; then separate the curd from the whey, and 
mix the whey with the whites of four or five eggs, beating the 
whole well together. When it is well mixed, add a Tittle 
quicklime through a sieve, until it has acquired the consistence 
of a thick i>a8te. W'ith this cement, broken vessels and cracks 
of all kinds may be mended. It dries quickly, and resists the 
action of water, as well as of a considerable degree of heat. 

Rice Glue. 

This elegant cement is made by mixing rice flour intimately 
with cold water, and then gently boiling the mixture. It is 
beautifully white, and when dry is semi-transparent. Papers 
pasted together wittf'this cement will sooner separate in their 
own substance than at the joining. It is in every respect pre¬ 
ferable to flour-paste, for the purposes to which the latter is 
applied. 

• This compostion, reduced by the addition of water to the 
consistence of clay, may be employed for models, busts, &.c. 
which when dry will take a.high polish, and prove very durable. 
It has been said that the Chinese use it for quadrille fish and 
other articles, which may be mistaken for mother of pearl; 
but this account has been proved erroneous. 

Cements for Turners, &c. 

One pound of rosin, and four ounces of pitch, melted toge¬ 
ther, and while boiling hot, stiffened by the addition of brick- 
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dust, make a strong oement for cementin|^ pieces of work to 
chucks. The brick-duai may be added in small quantities, 
and after mixing it each time, a drop or two of the ce¬ 
ment may be taken out. and allowed to cool, to provd whether 
it is hard enough. It may be poured into water, and made 
up in rolls to be kept for use. 

Four ounces of rosin, a quarter of an ounce of wax, and 
four ounces of whiting or any kind of ochre. fona*a finer 
cement of the same kind as the above. 

Pitch, stiffened merely by the addition of wood ashes, is 
often used by glass-grinders. 

Any of these cements, when required to be particularly 
tough, and to cement any thing which has to sustain the blow 
of a hammer, as articles that are cut w ith a punch, may be 
mixed up with a little tow. They may also at any time be 
made softer by melting them w'itn more or less tallow. 

Potato Size. 

Size is a much diluted cement, and is either prepared from 
common glue, or isinglass, or by boiling the shreds of parch¬ 
ment or white leather, or consists of flour paste made very 
thin ; but these compositions, particularly those of an animal 
nature, quickly putrefy’, and produce a disagreeable smell, from 
which potato size is free. The potatoes must be grated into 
water, and after changing the water once or twice, there will 
be found at the bottom of the vessel a white fecula or starch. 
This starch is made into size, by boiling it with a sufficient 
quantity of water. Mingled with whitewash, an excellent 
and durable white is formed, which will not rub off. 

Cement withstanding SulpHubic Acid. 

Chaptal had occasion for a cement, in his experiments to 
make alum, from its constitfient principles, whicn would not 
grow soft or crack with a heat from 122 to 144 of Fahrenheit, 
which should withstand the sulphuric acid, and which shoula 
be so smooth that no cracks or crences should appear on its 
surface. He at length, after a series of experiments that con- 
tiiined from 12 to 15 months, found riiat equal parts of rosin, 
turpentine, and wax, answeredTbest. These three substances 
are melted together in a pot; and when all the Tolatile oil 
which causes me mixture to rise is dissipated, it is to he ap¬ 
plied boiling hot with a brush. 

The aumher of uses to which this cenmnt may be applied 
is rery gpivat. It may be em]doyed to line the casks used on 
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board a ship; the water or victuals kept in them would not 
be so sulnect to grow putrid, even the snips themselves might 
be coated with it. This cement is preferable to tar in many 
respects^ it is not so subject to crack, it is less sticky, more 
supple, and has a smoother surface. A board six feet long# 
and 18 inches wide, covered with it, was kept in water for 19 
months. It had not imbibed any water, nor was the coating 
at all damaged If it should be required to render it more 
consistent, powdered bricks may be used.— Jiep. vol. 2. 


LUTES. 

Lutes are compositions which are employed to defend glass 
and other vessels from the action of fire, or to fill up the va¬ 
cancies which occur when separate tubes, for the necks of 
difierent vessels, are inserted into each other, during the pro¬ 
cess of distillation. Those lutes whicli are exposed to the 
action of the fire, are usually called Jire lull's. 

Fora very excellent fire lute, which will enable glass vessels 
to sustain an incredible degree of heat, take fragments of 
porcelain, pulverise and sift them well, and add an ecpial 
quantity of pure clay, previously softened with as much of a 
saturated solution of muriate of soda, as is requsite to give 
the whole a pro{)er consistence. Ap{)ly a thin and unifonn 
coat of this composition to the glas.s vessels, and allow it to 
dry slowly before they are put into the fire. 

Equal parts of coarse sand and refractory clay, mixed with 
a little hair, form a good fire lute. 

Fat earth, beaten n^p with fresh horse dung, Chaptal recom¬ 
mends as an excellent fire lute, which he generally used, and 
the adhesion of which was such, that after the retort had 
cracked, the distillation could be carried on and regularly 
finished. 

* Lutes for the joining of such vessels as retorts and receivers, 
are varied according to the nature of tlie vapours which will 
act a^inst them, in order not to employ a more expensive ami 
troublesome composition than the case re(|uire8. Lor resisting 
watery vapours, slips of wet blhdder, or slips of paper or linen, 
covered with stiff flout paste, may be bouna over the juncture. 

A closer and neater lute for more penetrating vapours, is 
composed of whites of eggs made into a smooth pa.ste with 
(micKlime, and applied upon strips of linen. The quicklime 
snould be previously slacked in the air, and reduced to a fine 
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powder. The cement should be applied the moment it is 
made; it soon dries, becomes very hrm; and is in chemical 
experiments one of the most useful cements known. 

Where saline, acrid vapours are to be resisted, a lute should 
be composed of boiled liused oil intimately mixed with clay, 
which has been previously dried, finely powdered, and sifted. 
This is called fat lute. It is applied to the junctures, as Uie 
undermost layer, and secured in its place by the white of egg 
lute last mentioned, which is tied on with packthread. 


VARNISHES. 

To DISSOLVE Copal in Alcohol. 

Copal, which is called gum copal, but which is not strictly 
either a gum or a resin, is the hardest and least changeable of 
all substances adapted to form varnishes, by their solution in 
spirit, or essential or fat oils. It therefore forms the most valu> 
aole varnishes, though we shall give several recipes where it is 
not employed, which form cheaper varnishes sumciently good 
for many purposes, adding only the general rule, that no var> 
nish must be expected to be harder tlian the substance from 
which it is made. 

To dissolve copal in alcohol, dissolve half an ounce of cam- 
]hor in a pint of alcohol; put it into a circulating glass, and 
add four ounces of copal in small pieces; i^t it in a sand beat, so 
regulated that the bubbles may be countea as they rise from the 
bottom; and continue the same beat till the solution is com¬ 
pleted. 

The process above described, will dissolve more copal than 
the menstruum will retain when cold. The most economical 
method will therefore be, to set the vessel which contains the 
solution by for a few days, and when it is perfectly settled, pour 
off the clear varnish, and leave the residuum for a future 
operation. 

The solution of copal thus obtained is very bright; it is an 
excellent varnish for pictures; and would doubtless be an im- 
provemelit in japanning, where the stoves used for drying the 
varnished articles woum drive off the camphor, and l^ve the 
copal dear and colourless on the work. 
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To DISSOLVE Copal in Spirits of Turpentine. 

Redud^ two ounces of copal to small pieces, and put them 
into a proper vessel. Mix a pint of the best spirits of turpentine 
with one eighth of spirit of sal ammoniac; shake them well 
together, put them to the copal, cork the glass, and tie it over 
with a string or wire, making a small hole through the cork. 
Set the glass in a sand heat, so regulated as to make the contents 
boil as quickly as possible, but so gently that the bubbles 
may be counted as they rise from the bottom. The same heat 
must be kept up exactly till the solution is complete. 

It requires tne most accurate attention to succeed in this 
operation. After the spirits are mixed, they should be put to the 
copal, and the necessary degree of heat be given as soon as pos¬ 
sible, and maintained with the utmost regularity. If the heat 
abates, or the spirits boil quicker than is directed, the solution 
will immediately stop, and it wdll after>vards be in vain to pro¬ 
ceed with the same materials; but if properly managed, the 
spirit of sal ammoniac will be seen gradually to descend from 
the mixture, and attack the copal, t^ich swells and dissolves, 
excepting a very small quantity which remains undissolved. 

It is ot much consequence that the vessel should not be 
opened till some time after it has been perfectly cold; for if 
it contain the least warmth when opened, the whole contents 
will be blown out of the vessel. 

Whatever quantity is to be dissolved, should be put into a 
glass vessel capable of containing at least four times as much, 
and it should be high in proportion to its breadth. 

This varnish is- oi a rich aeep colour, when viewed in the 
bottle, but seems to give no colour to the pictures upon which 
it is laid. If it be left in the damp, it remains sacky, as it is called, 
a longtime; but if kept in a warm room, or placed in the sun, 
it dries as well as any other turpentine-varnish, and when dry 
^ ^pears to be as durable as any other solution of copal. 

cfopal may also be dissolved in spirits of turpentine by the 
assistance of camphor. 

Turpentine vaniishes dry more slowly than those made with 
alcohol, and are less hard, but they are not so liable to crack. 

To DISSOLVE Copal in fixed Oil. 

Melt in a perfectly clean vessel, by a very slow heat, one 
pound of clear copal; to this add from one to two quarts of 
drying linseed oil. When these ingredients are thoroughly 
mixed, remove the vessel from the fire, and keep constantly 
60.—VoL. II. 6 H 
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stirring it, till nenrly cold; then add a |^und of spirits of tur> 
pentine. Strain the Tarnish through a piece of close Hnen, and 
keep it for use. The older it is, the more drying it becomes. 

Tliis varnish is very proper for wood-work, house and 
coach painting. 

Sebd.-lac Vabnisii. 

Take three ounces of seed-lac, and pnt it with a pint of spirits 
of wine into |s bottle, of which it will not fill above two-thirds. 
Shake the mreture well together, and place it in a gentle heat, 
till the seed-lac appears to be dissolved : the solution will be 
hastened by shaking the bottle occasionally. After it has 
stood some time, pour off the clear part, and keep it for use 
in a well stopped bottle. The seed-lac should be purified 
before it is used, by washing it in cold water, and it should 
be in coarse powder, when added to the spirit. 

This varnish is next to that of copal in liardncas, and has a 
reddish yellow colour: it is therefore only to be used where a 
tinge of that kind is not injurious. 


Shell-lac Varnish. 

Take five ounces of the best shell-lac, reduce it to a gross 
powder, and put it into a bottle that will hold about three 
pints or two quarts. Add to it one Quart of rectified spirits 
of wine, and place the bottle in a gentle heat, or a warm close 
apartment, where it must continue two or three 'days» but 
snould be frequently well shaken. The lac will then oe dis¬ 
solved, and the solution should be filtered through a flannel 
bag; and when the portion that will pass through freely is 
come off, it should be kept for use in well-stopped bottles. 
The portion which can only be made to pass through the bag 
by pressure, may be reserved for coarse purposes. 

Shell-lac varnish is rather softer than seed-lac varnish, hue 
' it is the best of all varnishes for mixing with colours to paint 
with instead of oil-colours, from its working and spreading 
'setter in the pencil. 

Vabhisb fob Toys, silvered Clock-faces, and Furni¬ 
ture NOT exposed to HARDSHIP. 

DissqlTe two ounces of gum-mastic, and eight ounces ofgum- 
saudraclb, in a quart of alcohol; then add four ounces of Venice 
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turpentine. The addition of a little of the whitest part of gum- 
benjamin will render the varnish less liable to crack. 


Amber Varnish 

• Amber forms a very excellent varnish; its solution may be 
effect*^ by boiling it in drying linseed oil. 

Oil varnishes which have become thick by keeping, are made 
thinner with spirits of turpentine. 


JAPANNING. 


Japanning is the art of varnishing in colours, and is fre¬ 
quently combined with painting. 

The substances proper for japanning, are, wood and metal, 
with all others which retain a determinate form, and are capable 
of sustaining the operation of drying the varnish. Paper and 
leather, therefore, W'hen wrought into forms in which they re¬ 
main stretched, stiff, and inflexible, are very common subjects 
foHapanning. 

Tlie article to be japanned is first rendered smooth and per¬ 
fectly clean, it is then brushed over with two or thee coats of 
seed-lac varnish, prepared as above directed, (p. 792,) except 
that the coarsest seed-lac will answer the purpose. The varnish 
thus laid on is called the priming. The next operation is to 
* varnish the article again with the best varnish previously mixed 
with a pigment of the tint desired. This is called the ground¬ 
colour; if the subject is to exhibit any painting, the objects are 
painted upon it, in colours mixed up with varnish, and used 
m the same manner as for oil-painting. The whole is then 
covered with additional coats oi transparent varnish, and all 
that remains to be done, is to dry and polish it. 

Japanning should always be executed in warm apartments, 
as cold or moisture are alike injurious; and all the articles should 
be warmed before any varnish is applied to them. One coat of 
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vaniiUi, also, muat be dry before a‘oother is laid on. Orens 
are emoloyed to hasten the perfect drving of the work. 

All tne coloured pigments employed in oil or water, answer 
perfectly well in varnish, combined with which vehicle, many 
of those which fly in oil, are perfectly unchangeable. The 
manner in which the colours are mixed with toe varnish is 
extremely simple and easy: they are Erst reduced, by. the usael 
means of washing and levfgation, to tlie fliiest state possible; 
and the varnish oeing contained in a bottle, they arc added 
to it, till the requisite body of colour is obtained; the mixture 
being rendered complete by stirring or shaking the bottle. 
When a single colour is intended, the varnish employed is of 
no consequence, if it be hard enough for the vrork, and not 
possessed of any colour inconsistent with the tint required; 
but for painting with, shell-lac varnish is the best, and easiest 
to work : it is tluTefore employed in ail cases where its colour 
permits, and for the lightest colours, mastic varnish is em¬ 
ployed, unless the fineness of the work admits the use of 
copal dissolved in spirits of wine. 

To spare varnish, the priming may be composed of size mixed 
with whiting, to give it a body, as some substances require 
much varnish to saturate them; but work primed with size is 
never durable; it is liable to crack and fly with the least vio¬ 
lence, which never happens to work into which the varnish 
can sink. Varnish cannot sink into metals, and this is the 
reason that japanned metal, for example a japanned tin-plate 
ray, is of less value than a paper one. The battering which 
this piece of furniture sustains in its use, soon separates the 
japan from it in flakes, or scales; which never happens to the 
paper, because the japan forms a part of its substance. 

It may be observed, that only wood, paper, leather, and 
similar substances, require priming: metals require none, be¬ 
cause they admit no varnish into them; and therefore the 
ground is applied to them inimediateiy. 

The priming and grounds are all laid on with brushes made, 
of bristles: the painting will of course often require camel's- 
hair pencils. 


Of Japan Gkocnds. 

Red .—Vermilion makes a fine scarlet, but its appearance in 
japanned work is much improved by glazing it with a thin 
coat of lake, or even rose-pmk. 

Indian lake, when good, is perfectly soluble in spirits of wine, 
and prodnoes afine crimson, out is not olten to be obtained. 
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Yellow. —King’s yellow, turbith mineral, and Dutch pink, all 
form ve^ bright yellows, and the latter is very cheap. Seed- 
lac varnish assiipilates with yellows extremely well; and where 
they are*required very bright, an improvement may be effected 
by infusing turmeric in the varnish which covers the ground. 

Green .—Distilled verdigris laid on aground of leaf gold, pro¬ 
duces rile brightest of all greens; other greens may be formed 
by mixing king’s yellow and bright Prussian blue, or turbith 
mineral and Prussian blue, or Dutch pink and verdigris. 

Blue .—Prussian blue, or verditer glazed with Prussian blue 
or smalt. 

White .—White grounds are obtained with greater difficulty 
than any other. One of the best is prepared by grinding up 
dake-white, or zinc-white, with one-sixth of its weight of starch, 
and drying it; it is then tempered, like the other colours, using 
the mastic varnish for common uses; and that of the best copm 
for the finest. Particular care should be taken, that the copal 
for this use be made of the clearest and whitest pieces. Seed-lac 
may be used as the uppermost coat, where a very delicate white 
is not required, taking care to use such as is least coloured. 

Black. —ivory-black or lamp-black; but if the lamp-black be 
used, it should be previously calcined in a closed crucible. 

Black grounds may be formed on metal, by drying linseed oil 
only, when mixed with a little lamp-black. The work is then 
exposed in a stove to a heat which will render the oil black. 
The heat should be low at first, and increased very gradually, or 
it will blister. This kind of japan requires no polishing. It 
is extensively used for defending articles of ironmongery from 
rust. 

Tortoiie-shell ground for metal .—Cover the places intended 
to represent the transparent parts of the tortoise-shell, with a 
thin coat of vermilion in seed-lac varnish. Then brush over 
the whole with a varnish composed of linseed oil boiled with 
umber until it has an almost black colour. The varnish may 
Jie thinned with oil of turpentine before it is used. When the 
work is done, it may be set in an oven, with the same precau¬ 
tions as the black varnish last named. 
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Polishing of vabnishbo and japanned W^bk. 

Pictures and other subjects, to which only a single coat or 
two of thin varnish is given, are generally left to the polish 
which the varnish natui^ly possesses, or brightened only by 
rubbing it with a woollen cloth, alter it is dry; but wherever 
several coats of varnish or japan are laid on, a glossy surface 
is produced by the means used to polish metals; the surface 
having first been suffered to become comnletely dry and hard. 

Where the coat of varnish is ve^ thick, the surface may be 
rubbed with pumice-stone and oil, till it becomes uniformly 
smooth; the pumice should first be reduced to a smooth fiat 
face by rubbing it on a piece of freestone. The japanned or 
varnished surface may afterwards be rubbed with pumice re¬ 
duced to an impalpable powder, by pounding and washing 
over, using oil and a rag or leather to lay on the powder. The 
finishing may be given by oil and a w'oollen rag only. 

Where the varnish is thinner, and of a more (leiicate nature, 
it may be rubbed with tripoli or rotten-stone, in fine powder, 
finishing with oil as before. Where the ground is white, 
putty or Spanish white, finely washed, may be used instead 
of rotten-stone, of which the colour might have some ten¬ 
dency to injure the ground. 


Prepabation op Dbvinc Linseed Oil. 

Frequent references having been made, in the arts of var¬ 
nishing and iapanning, to the use of drying oil, it may be ne¬ 
cessary to observe, thal to render linseed oil drying, consists 
simply in mixing it with litharge, or any oxide of lead, boiling 
it Slowly for some time, and straining it from the sediment, 
after it has stood to clarify. The oil thus treated, becomeu 
thicker as it imbibes oxygen from the oxide, and acquires the 
" property of drying much sooner than before. An ounce of 
litharge may be used to every pound of oil. 


I 
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*Lac(jueritig is the application of transparent varnishes to 
metals, to prevent their tarnishing, or to give them a more 
agreeable colour. 

When the colour of the metal to be lacq^uered is to be 
changed, the varnish is tinged with some colouring matter; 
but where preservation from rust or tarnish is the sole object, 
any^ of the transparent varnishes already described will answer, 
using the best and hardest where the greatest durability is 
required. 


Lacquer to imitate Gilding. 

Take eight ounces of amber, and two ounces of gum-lac, 
melt them in separate vessels, and mix them well together; 
then add half a pound of diying linseed oil. Into a pint phial, 
put half a pint of spirits oi turpentine, and digest in it a little 
satfron; when the colour is extracted, strain the liauor, and 
add gum-tragacanth and annotta, finely powdered, ana in small 

3 uantities at a time, till the required tone of colour is pro- 
uced; then mix this colouring mutter with the above ingre¬ 
dients, and shake them well together, till a perfect union 
takes place. 

If tiiis varnish be laid over silver leaf or tin-foil, it will be 
difficult to distinguish it by the eye from gold. It is by a 
varnish of this kind, that leather, paper, or wood, covered 
with silver leaf, is made to appear as if it were gilded. The 
lacquer is also applicable to tin-plate articles, but small 
articles of finely polished brass, are usually coated with a 
fhinner composition. 

A Lacquer for Tin or Brass. 

Infuse one ounce of turmeric root, and two drachms of gum- 
tragacanth, in a pint of spirits of wine, and keep the mixture 
in a warm place for some days, frequently shaking it. Use this 
composition to strengthen the colour of seed-lac varnish, 
which may then be applied to the tin. The colour may be 
made weaker or stionger by using more or less gum-trga- 
canth. 
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Achorid, or yellow Botany Bay gum, which may aometimea 
be had at the druggiats, makes a good lacquer for tin or brass, 
by dissolving it in spirits of wine without heat. The achorid 
in drops is the best. 


GILDING. 


The processes of gilding are very various, but the principles 
upon which the gold is caused to adhere to the surfaces upon 
which it is applied, may be reduced to two ; viz. chemical af- 
hnity, and the use of cements. AH solid bodies may be gilt 
upon the latter principle, using thin leaves of gold; but metals 
only admit of tne former, which is generally applied to them, 
because it is much more perfect than the other, and equally 
as easy to execute. 


Gilding of Metals by Amaloahation. 

Eight parts of gold and one of mercury are formed into an 
amalgam by using the gold in thin plates, making it red hot, 
and uen putting it into the mercury which has been previously 
heated to ebullition. The gold immediately disappears, and 
combines with the mercury; the mixture is poured into cold 
water, and is ready for use. This amalgam is chiefly employed 
to gild copper and brass in the following manner: The article 
to be gilt IS rubbed over with much diluted nitric acid, to 
remove any tarnish or rust which would prevent the amalgam 
from adhering. If a little mercury be dissolved in the nitric 
acid thus used, it facilitates the subsequent part of the process. 
The amalgam is applied to the piece by means of a brass wire 
brush, in a« even a manner as possible. The piece is then set 
upon a grate over a Are, or into an oven heated to a degree at 
which mercury exhales. By this means the gold is left alone, 
and the defects which are observed in the piece after the first 
application, are rectified by repetitions of the process. After 
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the mercury has evaporated, the gold has only a dull yellow 
colour. To change tnis, it is bru^ed with the scratch brush, 
(made of brass wire,) till it has a smooth surface: it is then 
covered^ith gilding-wax, and exposed to the fire till the wax 
is burnt off. This wax is composed of four minces of bee’s 
wax, one ounce of acetate of copper, and one ounce of sulphate 
of copper. It heightens the colour a little, but a, further im¬ 
provement is effected, by covering it with a paste made of nitre 
and alum, mixed up with water or urine. It is then heated 
again, and suddenly plunged into cold water. The finishing 
operation is to burnish the piece with a blood-stone or steel 
burnisher. 

Gilding by amalgamation in the large way, is extremely in¬ 
jurious to the workmen, on account oi the fumes of mercury 
which they cannot avoid receiving into the system; but it 
may be practised in a single experiment or two without any 
harm resulting. 


Cold Gilding of Silver. 

Dissolve gold in the nitro-muriatic acid, and dip some fine 
linen rags into the solution; then burn the rags, in the man¬ 
ner that tinder is prepared, by first drying it, and then set¬ 
ting it on fire, and preserve the ashes. The silver to be gilt, 
must have a clean, burnished surface; and after having been 
rubbed with a solution of salt in w ater, it must be rubbed with 
the black powder or ashes, W’hich may be taken up and laid 
on with a cork. The work is finished by burnishing. 


Gilding of Brass and Copim.r. 

Mathematical and other fine instruments made of brass, are 
generally gilt, as gilding is a much neater and more durable 
method of preserving them from tarnishing, than any kind of 
varnish or lacquer. 

For this purpose, saturate nitro-muriatic acid with gold, and 
having evaporated the solution to an oily consistence, suffer it 
to crystallize. Dissolve these crystals in pure water, and dip 
into*this w'atery solution of gold the articles which require to 
be gilt, which should have perfectly clean and polished sur¬ 
faces ; the finish is given by burnishing. The gilding niav be 
made strong, by a frequent repetition of the process. It is 
advisable to use the solution of the chrystals in water, instead 
CO.-Vol. II. 51 
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of the nitro-muriatic solution, in order to prevent the interven¬ 
tion of any acid, which would injure the brass or copper. 


Gildinu of Iko.s ani> Steel. 

The surface of the iron bein^ first well polished, it must he 
heated till it becomes blue, when gold leaf must be applied to 
its surface and burnished down. It must then be heated again, 
and another layer of gold burnished on. This process must 
be repeated three or four times, according to the strength of 
the gilding required. 

Another much more easy and elegant mode of gilding iron 
and steel, is the following. To a nitro-muriatic solution of 
gold, add about twice the quantity of sulphuric ether. The 
mixture must be made with caution, and in a lart^e vessel. The 
liquids being shaken together, are to be left till they separate 
from each other, which will shortly take place, and the ether 
will float on the surface of the acid. The colour of the acid 
will have become brighter, that of the ether darker than before; 
because the ether has taken up the gold which the acid held 
in solution. The etlier may be drawn off by a siphon ; or pour 
the two fluids into a glass funnel, the pipe of which is stopped 
at the bottom, and when they have again separated as before, 
the aperture may be opened, and the whole of the acid allowed 
to run off’. The auriferous ether will thus be obtained alone, 
and must be kept for use in bottles with air-tight stoppers. 

'Well polishea articles of iron or steel may at any time be 
instantly gilt by dipping them into tiiis ariferous etber, or by 
spreading the ether over them with a brush. Even a pen or 
pencil dipped in the ether may be employed to write or draw 
with, anil the figures delineated will be beautifully gilded on 
the iron. 

The essential oils of turpentine and lavender w'ili take up 
the solution of gold in the same manner as ether. 
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OF OIL GILDING, BURNISH GILDING. AND 
JAPANNEIIS’ GILDING. 


In these methods of gilding, leaf gold is employed; they are 
applicable to all substances that require gilding, though 
metals, as shewn above, can be better gilt by methods adapted 
to their peculiar nature. They are therefore chiefly employed 
for wood, paper, and leather. 

The leal gold w Inch is manufactured for gilding, is of two 
qualities, viz. pale gold and deep gold. Pale gold contains a 
considerable proportion of silver, and tends to the colour of 
that metal. It is soaietinies useful, by way of variety in ja¬ 
panning. Deep gold is the purest metal, and the richest iu 
Its colour. 

Dntck ^old, which consists almost entirely of copper, very 
soon tarnishes when exposed to the air; and should not, even 
when varnished, be used for any valuable, purpose. As it is, 
however, scarcely a twelfth part of the value of true gold leaf, 
it is occasionally useful w’here large quantities of gilding arc 
required for temporary purposes. It is used in the same man¬ 
ner as true gold. 

The instruments used in gilding are the following: 

A cushion, on to which the gold is taken from the books in 
which it is purchased, and cut to the size required, and laid 
out ready for taking up. It consists of a board of any con¬ 
venient size, on which is laid two thicknesses of flannel, and 
covered with calf-skin, such as bookbinders use, with the 
rough or flesh side uppermost. 

A knife, with which the gold is taken out of the book, and 
^ut upon the cushion to the required size. It should be like a 
pallet-knife, and should have a smooth edge, though not very 
sharp. If in good order, the gold may be cut with it into 
strips not the tenth of an inch in breadth, without jagging, and 
without cutting the cushion. The gold is cut by gently press¬ 
ing upon it, with a short reciprocating motion like that in 
using a saw. 

The tip, which consists of a squirrePs tail with the hairs 
cut short. It is used for taking up whole leaves of gold, and 
applying them to the surface to be gilt. In order that it may 
take up the gold, it is moistened in some degree by breathing 
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upon it. A piece of strong writing paper, rubbed upon Uie 
skin of the face, or even upon the hair, may be used to take 
up leaves of gold. 

Some loose cotton>wool is employed to press down the leaf 
which has been laid on, and to take up small pieces. 

A large camers-hair brush, is used for dusting the work, and 
taking off the superfluous gold when it is dry. 


Oil Gilding. 

The first operation is to prime the work, with a mixlnre of 
white lead and drying linseed oil. When the priming is dry, 
a thin coat of gold size is laid on the work, composed of stone 
ochre ground in fat oil; when this first coat is dry, a second is 
laid on for the best work, but in general one coat is made to 
suffice. W^hen the gold size is so far dried that though it will 
not daub the fingers, it feels clammy, it is fit for gilding upon. 
The leaf gold is therefore taken up and laid upon it with the 
tip, pressed down with cotton-wool, and when every part of 
the surface is covered, it is left in a warm place to dry, and 
finished by brushing o’ff the loose pieces of gold. 

This kind of gilding is easily performed, and stauds the 
weather well. It has no lustre, but that is for some purposes 
esteemed an excellence. 


Burnish Gilding. 

This kind of gilding is much employed for wood. The sur¬ 
face to be gilt is first made clean and smooth, it is then primed 
with a mixture of whiting and size, prepared by boiling parch¬ 
ment or white leather in water, till, when cold, it has the con¬ 
sistence of a jelly, Seven or eight coats of this composition 
are laid on. After the last coat is dry, the mouldings, if any, 
must be restored, by the use of proper tools, to the sharpness 
they are required to possess, ana the parts intended to be 
burnished should be polished by rubbing them with a linen 
rag moistened with water. The whole is then to receive two 
coats of gilding size, which consists of parchment or white 
leather size, combined with a little Armenian bole- When the 
last of these coats is dry, the parts intended to be burnished 
are again rubbed smooth with a linen rag. A part of the 
work miiat now be wetted with water by means of a camel's- 
bair pencil and before this becomes dry, the gold leaf must be 
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applied as in oil-gilding; and thus proceeding by wetting no 
more at a time than can be gilded before the water dries, the 
work is continued till it is finished. The repairs required 
should he done as the work goes on, so that none of the im¬ 
perfections may require fresh size; and care should be taken 
to prevent the water from running over any of the gold which 
been laid on. 

Wh^n the work has become firm, it should be burnished; this 
is done with the least labour, and imparts the highest lustre, 
when the surface is in a state little snort of perfect dryness. 
The best burnishers are made of agate; the next of dog’s tooth; 
steel may serve if very hard and highly polished, but it is apt 
to produce mischievous effects, by nibbing up the gold, if it 
acquire the least rust, or is' not used with a very slow and 
careful motion. 

Deep mouldings and other parts, which cannot be gilt, and 
which are not intended to appear neglected, are usually co¬ 
loured with Dutch pink, or some other yellow, mixed up with 
size. 


J A fanner’s Gilding. 

The figures or parts intended to be gilt, must be coated with 
gold size by means of a hair pencil; the leaf gold is then ap¬ 
plied as in the above modes of gilding, and after it is dry, the 
suptJrlluous ]»arts are brushed off’. 

The gold size is prepared in the following manner; take one 
pound of linseed oil and four ounces of gum animi. Set the 
oil to boil in a proper vessel, and then add the gum animi 
gradually in powder, stirring the oil all the time, and not add¬ 
ing a second quantity till the former appears to be dissolved. 
Let the mixture continue to boil, till, on taking a small quan¬ 
tity out, it appears of a thicker consistence than tar, then strain 
the whole through a coarse cloth, and keep it for use. When 
it is wanted it is ground with vermillion, and diluted with 
miirits of turpentine to the consistence proper for working. 
This gold size may be employed for gilding surfaces of almost 
every kind. 

When great brilliancy is nfit wanted, shell gold may be 
used instead of gold leaf, to gild upon the size. 

Gilding of Paper and Leather. 

Letters written with ink containing a large proportion of 
gum arabic, if breathed upon, and gold leaf immediately 
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applied, will retain the gold, wherever the pen has marked, 
and the remainder of the leaf may be brushed oft’. Or leUers 
may be formed with the shell-gold, prepared as directed 
below. • 

The edges of paper and books are gilded with a size com¬ 
posed of whites of eggs beaten up with three or four times their 
quantity of water, and mixed with a little Armenian bole. , 

The bookbinders gild the leather of books, by coating the 
leather two or three times with whites of eggs, well beaten up. 
but not mixed with water. When the last coat is dry, they rub 
a very minute quantity of tallow over the leather, and then 
cover it with gold leaf. The stamps or letters which they re¬ 
quire, are cut in brass in the manner of printing types; these 
being heated just so much as the leather will bear without 
shrivelling, they press them gently upon the gold leaf, which 
thus becomes fixed in every part touched by the stamp, and 
the useless gold is rubbed oft’ with a linen rag. The tallow is 
used merely to make the gold come oft'freely, where tlie stamp 
makes no impression. 1'he due heat of the stamp can only 
be determineti by experience; it differs a little with the tex¬ 
ture of the leather. 


Gilding op Porcelain and Glass. 

Draw the design with the japanner’s gold size, prepared as 
above directed; set it near the fire or in an oven, for a few 
minutes, or till it becomes of such a warmth that it can just be 
held in the hand; then apply the gold leaf, after which put the 
vessel into an oven, and let it remain there for two or three 
hours at the least; when dry, it may be burnished. 

The most durable method of gilding glass or porcelain, is 
by burning in : for this purpose, dissolve gold in nitro-muriatic 
acid, and precipitate it by putting copper into the acid. Mix 
this precipitate with a strong solution of borax and gum-water, 
and when the design is drawn with it, the gold will be fixed 
by burning in, as in painting on glass. 


Preparation op Shell Gold. 

Grind gold leaf with pore honey, until it appears to be 
completed divided among the honey; then wash away the 
honey wiui water, and mix Uie gold powder with gum-water. 
Tlie gold thuB prepared, may be applied to any sunaoe in the 
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same manner as a colour, and forms at once a very tolerable 
gilding. 


Pbeparation of the fat Oil used in Gilding. 

•Take any vessel having a considerable surface, and fill it to 
the depth of inches with water; then pour in as much lin¬ 
seed oil as will, when it has risen to the surface, form a layer of 
about an inch in thickness. Expo.se the oil, thus circumstan¬ 
ced, to the action of the sun and air, until it assumes nearly the 
consistence of treacle, which in summer w'ill require five or six 
weeks. Then draw off the oil into a tall bottle, and set it in a 
warm place, till it becomes perfectly fluid, when it may be 
poured off from the water and foulness, which will subside, and 
after being strained through a flannel, may be kept for use. 


SILVERING. 


Wood, paper, ami all similar substances, are silvered in the 
same manner as tliey are gilded, by substituting silver leaf fo 
gold leaf; and using whiting only, instead of Armenian bole 
or ochre, to mix with the si/.e forming the ground. Silvered 
surfaces are sometimes made to resemble gold leaf by lacquer¬ 
ing them. 


To .SILVER Cori’EIt AND BrASS. 

^ Dissolve silver in nitric acid, by the assistance of heat; put 
some pieces of copper into the solution, and the silver will be 
precipitated. With fifteen or twenty grains, of the precipitate 
thus obtained, mix two drachms of tartar, the like q^uantity of 
common salt, and half a drachm of alum. With this mixture 
rub the clean surface of copper til! it becomes white, and 
then finish it by polishing witn leather. The surface of the 
copper is usually cleansed, by washing it with much diluted 
nitric acid, before the mixture is applied. 

Copper may also be silvered by aipping it into a weak solu¬ 
tion or mercury in nitric acid; then rubbing.it with the preci- 
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S itate above meotioned and common salt. Diabplates may 
e silvered in this manner; and Uie silvering may be strength^ 
ened when there is occasion, by heating it, till the mercury is 
driven off, and the silver united by fusion to the metal, then 
repeating the process. Diabplates are usually preserved by 
a coat of transparent varnish. 

Copper may also be silvered by heating it, and burnishing 
silver leaf upon it, till a sutlicient coat is given. This is 
called French plate, and is very 6imsy. 


To SILVER Ivory. 

Immerse the ivory in a weak solution of nitrate of silver, till 
its colour appears to be a bright yellow; take the ivory out 
of the solution, and expose it, under water, to the rays of the 
sun. In two or three hours it becomes black ; but-the black¬ 
ness changes to the colour of silver, by taking it out of the 
water and rubbing it. 


To PREPARE Shell-Silver 

Shell silver is prepared in exactly the same manner as shell 
gold, see page 804. 


To silver Plane Mirrors. 

In silvering mirrors, no silver is employed; the composition 
with which they are coated at the back consists of an amalgam 
of mercury ana plates of tin called tin-foil. 

Upon a horixontal table of stone, perfectly smooth and 
level, lay down some paper, a little larger than the glass to be 
silvered; dust evenly upon it some finely-washed whiting, and, 
upon the whiting lay down tin-foil, also a little larger thiui the 
^ass. Holding the tin-foil by one end, brush it over gently 
with a hair’s foot or a piece of cotton wool, to make it lie close. 
Pour a small quantity of mercury upon the tin, and spread it 
evenly over the whole surface with the hair’s foot: then pour 
on a hw^er quantity of mercury, and spread it evenly in like 
manner. Place a sheet of paper upon the raercuiy, and make 
it touch in every part by the hair’s foot; then laying the plate 
even wiA one edge of the paper, carry it over the whole 
tiirface« gently touching the pap^r as it advances, and place it 
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exactly over the middle of the tin foil. Gently draw out the 
paper next to the ^lass, without lifting up the glass, though 
when it is heavy, it will be necessaiy to relieve its pressure. 
Place sej'crdl thicknesses of paper upon the glaas, and upon 
these let considerable weights be distributed over the whole 
surface. In a day or tw'o the amalgam will have become firm, 
and adhering perfectly tp the glass, when the weights may be 
removed, and the looking-glass is ready for framing. 

The paper employed between the amalgam and the glass, 
should DC thin, smooth, and entirely free from knots. Its use 
is to assist in obtaining the contact of the mercury and the 
glass, without air-bubbles or raising the foil. It might be 
dispensed with by bringing the glass horizontally over the 
mercury, and driving some of the mercury before it, but there 
would be more risk of injuring the foil by accident. 

The surface of the glass should be perfectly clean, and freed 
especially from grease. 

The stone table should be surrounded with a groove to 
retain the superfluous mercury. 


ToSii.\i:R ( ONVEX AND coNCA\E Mirrors. 

Surround the glass with a border, two or three inches high, 
made of several folds of stiff paper, or of pasteboard; then 
pour upon its convex side a mixture of plaster of Paris and 
water. When the plaster has hardened, w hich will be in about 
half an hour, the border may be taken off, and the glass sepa¬ 
rated ; and to render this more easy, it should be rubbed over 
with an oily cloth before the plaster is poured on. Then cast 
a similar mould in the concave side of the glass. These moulds 
will be dry in two or three days; by spreading tin-foil on the 
concave one, the convex side of a glass may be silvered, or 
by spreading it on the convex mould, the concave side of the 
glass may be silvered. In either case, the spare mould being 
put on the glass serves as the means of applying the requisite 
weight in an even manner. The paper employed in silvering 
plane mirrors must be omitted, and in silvering the concave 
side, a border of paper should surround the plaster, to retain 
the mercury till the glass has been put down, when it may be 
removed, or a hole made in the border to let the mercury 
run off. 


60.—VoL. II. 
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To siLVBt Glass Globes. 

Tske equal quantities of tin and lead, and melt tlfem toge> 
ther; when they are fluid, add to them two parts of bismuth; 
take the mixture from the fire, and before it nardens add to it 
two parts of mercury, and stir the whole till united. As soon 
as the mass becomes cool enough for the glass to bear, j^ur 
it into the globe by means of a tunnel. Then move the globe 
slowly, in such a manner that the amalgam may touch every 
part of its interior. If it have the proper tenacity, it will leave 
a thin film of its substance adhering to every part of the glass 
which it touches; when not sufficiently fluia to do this, the 
fault may be remedied by warmth: when too fluid, the omab 
gam must be taken out, and some more tin, lead, and bismuth, 
must be added to it. 


MOULDING AND CASTING IN PLASTER. 


The greatest difficulty which presents itself in tiiis art, to 
youim practitioners, anses from the want of good plaster, of 
which both the moulds and the casts themsdves are made. 
The plasterers, marble-masons, and other artisans who use 
this article, make it answer their purpose in a state so inferior 
to that in which it may be obtained, and so variabje, too, in 
its properties, that the use of it, as prepared for thepi, is cer¬ 
tain to occasion an immensity of trouble and disappointment. 
We shall therefore give directions for obtaining plaster in 
perfection, and the operator will find the recipe of mfinitely 
more consequence to him, than all the geneim instructions 
"wMch can to given in relation to other branches of the 
subject. 


Pbefabation of Plasteb or Paris. 

Take any quantity of finely-powdered gypsum, which is the 
name of plaster of P^aris in its raw state, andjmt it into an iron 
pan or hoUer, which may be filled to within a few inches of the 
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brim. Set the boiler upon a good fire, and stir the powder 
with a rake, to beat it uniformly. When the powder becomea 
hot, bubbles will rise to its surface, and it will have all the 
appearaifbe of a fluid. The boiling must be continued till the 
buubling ceases; the operation is then finished, and nothing 
more is required than to cover the boiler with a lid, and to 
aik)w the plaster to cool gradually, in a warm place, by re- 
moving*it to one side of the fire, suffering the fire to die out. 

The plaster thus prepared may be depended on ; when mixed 
with water to the consistence of cream, and poured upon any 
figure, it hardens in a few minutes, and takes a very sharp im¬ 
pression : by gradual drying, it afterwards acquires almost the 
nardness of stone. Drying in an oven, although necessary for 
some purposes, inevitably renders all plaster tender; but after 
having been prepared as above directed, it will have a consi¬ 
derable degree of cohesion, when other kinds, heated in the 
same manner, will drop to powder under the slightest pressure. 

W'hen plaster is not used immediately after it is made, it 
should be kept in air-tight casks; for it may be regarded as a 
species of quicklime ; and the longer it is suffered to absorb 
tne moisture which it greedily takes from the atmosphere, the 
more it is injured. 

Plaster is usually prepared by calcining lumps of gypsum 
in ail oven, and though some care may be taken to have the 
lumps nearly of a size, it is plain there can be no such thing in 
the usual routine of this business, w ith common labourers, as 
heating it uniformly and to the just degree, nor of suffering 
a due portion of water to escape from every particle alike: by 
too much heat, the sulphuric acid may in a great measure be 
driven from it, and then it can be of httle value; when cold, 
it is taken to be ground, during which operation it is leisurely 
exposed to the atmosphere ; it is then, like wheaten flour, kept 
ill open bins for sale. Thus it appears that in every step of 
the ordinary mode of preparing ana managing plaster, its pro¬ 
perties are deteriorated; without a word of reference to the 
adulterations frequently practised. 

When the plaster is required for very delicate purposes, it 
should be sifted before it is used, but not otherwise, it it have 
been well ground. The sifting is performed with so much ra¬ 
pidity, that the exposure to the air which the plaster receives 
during the process, cannot sensibly hurt it; it may be sifted 
before it is boiled, but not so quickly as afterwards, because 
it clogs the sieve. 

Gv'psum, or raw plaster, exists in inexhaustible quantities 
in Derbyshire, Westmoreland, and some other counties. It 
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may generally be bought in the state of stone, of those who 
manufacture it, and sometimes those persons who prepare and 
sell it in the ordinary way will undertake to grind it raw. If, 
however, Oie stone can be obtained, a small quantity may be 
formed by pounding in a mortar; but almost every village 
will afford some means or other of reducing it to powder by 
machinery, where the demand may be considerable. 

Of Moulding. 

A mould is the impression of any subject taken in some 
plastic substance, for the pur{)Ose of forming the resemblance 
of that subject, by filling its hollows with a suitable material, 
and then separating the casting from it. The original subject 
may either itself be a cast, or the product of manual labour. 
The manner in which a mould ol it is made, depends very 
much upon its form. Supposing it to he a simple bass-relief, 
like a coin, it is obvious that any substance poured upon it 
will separate easily, if there be no cohesion between the two 
surfaces: therefore to mould such a subject, it is necessary to 
surround it wdth an edging, which should be sufiiciently high 
to allow a proper strength for the mould. The surface of tiie 
subject being slightly coated with oil, the plaster must be 
mixed with water, and instantly poured on to the requisite 
depth. When the plaster has acquired the hardness ol bee’s 
wax, the border may be taken off, and the original separated 
by drawing it evenly from the mould. 

The mould thus obtained, is allowed gradually to dry, and 
being soaked with tallow or oil, any number of casts, like the 
original, may be made with it. If lead or any other metal is 
intended to 1 m cast in the mould, it must be dried in an oven, 
that every particle of moisture may be evaporated, to prevent 
the hazard of an explosion. 

WThen there are undercuttings in the bass-relief, so that the 
plaster poured upon it would run into cavities, from which it 
could not be drawn up, but would break in them, these under- 
'cuttings must be fillea up with plaster, from which, when it is 
dry, and has been made smooth, the plaster poured on to form 
the mould, will easily separate. Then when the casts have 
been made from the mould, they are finished by restoring the 
undercuttings with proper tools. 

Wheie the original subject or model is a bust, or any com¬ 
plex figure of that nature, after it has been oiled in every part, 
tbe pifteter it mixed up to the consistence of paste, and imme¬ 
diately afiifdied to it with the hands. After it is dry, it is 





MISCELLANIES. 


811 


MonMisf and euting ia pbuter. 


divided by a very thin-bladed knife, and taken off in such 
portions as will separate perfectly from the ori^nal; tiie ad¬ 
joining parts are marked, so that they can easily be put to¬ 
gether ra their proper order. When the different parts have 
been dried and oiled, and are completely put together again, 
plaster is poured into the interior of the mould thus prepared 
^ means of a small aperture, and the mould is turned in 
every direction, so that the plaster may adhere to every part 
within it, and when a sufficient quantity of plaster is poured 
in to produce the strength required in the cast, the remainder 
is left hollow, both for the sake of lightness, and to save ex¬ 
pense in plaster. When the cast is dry, it is extricated by 
separating the pieces of which the mould is composed, and it 
is finished, where it appears to require it, with chisels or any 
similar tools. 

Tlie above is the usual process; but as layers of fluid plaster 
laid one over another, are w'eaker considerably than when the 
whole is poured in at once, the part intended to be left hollow 
may be filled with a core, w'hicli may be a piece of wood, when 
the* figure of the hollow part designed to be left w’ill be such 
that the wood can be drawn out; or when this is not the case, 
the core may be of clay, which is easily retained in its place 
by wires from the mouth of the aperture; the clay may be 
nicked out when the cast is perfectly hardened. 

Casts from the faces of living persons are frequently taken 
in plaster: the hair is tied back, the eyes are closed, a hollow 
roll of paper is put up each nostril to breathe through, and the 
skin is anointed witn salad oil: the newest and best plaster 
being used, it sets and may be separated in a few minutes. 

Plaster moulds in which metals are designed to be run, 
should contain an admixture of talc, or pumice-stone, to enable 
them to endure the heat better. 

Various substances as well as plaster are used for taking 
models and casts: those which are fluid are used nearly in the 
same manner as fluid plaster, for similar subjects; and those 
which are plastic, are used like the plaster employed of the 
consistence of paste. Sulphur, isinglass, and clay, are often 
used. Sulphur and isinglass are very proper for medals and 
small subjects : thus if a medal be surrounded with a rim of 
paper, plaster may be poured upon it to form a mould ; then 
when tnis mould is dried and saturated wdth oil, it may itself 
be surrounded with a rim, in the same manner as the medal, 
and melted sulphur, or a strong solution of isinglass in proof 
spirit, poured upon it. Either sulphur or isinglass wdll take 
a very sharp impression, and they may be beautifully coloured 





812 


MISCFXLANIES. 


HuduMf mmI vanialiisf plMtsr tiaTr*. 


by mixing th^ with vermilion, or other »uitable colours.* The 
isinfflaas fonns a substance like horn, and bus the advantage of 
not being brittle. It is particularly proper for silver medals, 
which sulphur would blacken. <■ 

When clay is used for moulds or casts, it should be freed 
from all gravel and rough sand, and well beaten up with finely- 
washed sand, to enable it to endure drying without shrinking. 

To UABDEN AND BRONZE PlASTER Figi RES. 

The hardening of plaster figures may be very simply and 
efiectuallv performed by boiling them for a quarter of an hour 
in a solution of alum in water. 

To bronze plaster figures, they should first be dipped into 
or brushed over with isinglass size, till they will imbibe no 
more; then with a painter's brush, every part of the size which 
has not sunk into the plaster must be removed, to prevent in¬ 
juring the sharpness of any of the mouldings. When the figure 
IS dry, brush it over with gold size, prepared as UTore directed, 
but use no more of this size than will just moisten the surface, 
and make it shine. Now leave the figure for a couple of days, 
in a dry place, where it will be free from receiving dust or 
smoke, and it will be prepared for bronzing. The bronze, which 
is a fine powder, anti may be had at the colour shops, should 
be dabb^ on with a little cotton-wool; and after every part 
has been touched, the figure may be set aside for another day. 
It will afterwards be completed, by rubbing off the loose 
bronze with a soft brush, or a piece of cotton-wool. 

The figures thus bronzed will resist tlie weather. The bronze 
may be bad of all metallic colours; but that which gives the 
figures the appearance of real bronze, and the preparation of 
Which is given at page 390 of this vol. has the best effect. 

To VARNtSH PlaSTEB. 

In a pint of water, put a quarter of an ounce avoiidupoise 
of the nnest white soap grated small. Set them over the fire 
in a glazed earthen vessel, and when the soap is dissolved, add 
a quarter of an ounce of bleached wax, cut into amall pieces, 
aiia:.8tir the fluid till the wdiole is incorporated, when it ia fit 
for nae* Suspend the model to be varnished by a thread, and 
dtp it into this preparation; take it out, and after the lapse of 
a quarter of an hour, dip it again. Let it stand for about a 
week, mid it may then be polished by rubbing it very gently 
with a piece of soft fine linen, so as not to remove the vamiab. 
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AnoUier mode of varnishing plaster, but which will not stand 
the weather like the above, is to brush it over with skimmed 
milk, till it will imbibe no more, which, after it is dry, will 
by gently rubbing appear like polished marble. 


DESCRIPTION OF A FURNACE FOR THE 
FOUNDERS OF HARD BRASS. 

Brass-founders frequently sustain a very considerable loss 
by the destruction of the crucibles in which they melt their 
metal. When this happens in the furnace, which is no un¬ 
common case even to new crucibles, the brass, running into 
the ash-pit, is generally so much dispersed as not to be worth 
the trouble of recovery, and even when the crucibles stand 
tolerably well, the expense of them is still an object of moment. 
To prevent therefore the inconvenience which crucibles occa¬ 
sion, we have the pleasure to state, that the reverberatory fur¬ 
nace described below is perfectly effective. We are indebted 
for the communication to the liberality of a correspondent, 
who has experienced its utility during several years^ use. 

Fig, 1, (plate Miscellanies,) is a vertical section of this fur¬ 
nace, from the front to the back. Fig. 2, is a section across 
the bed of the furnace at the tap-hole. Fig. 3, is a horizontal 
section at the height of the fire-place hearth. The same let¬ 
ters refer to the same parts in all the figures. 

a. The flue leading into the chimney, b, the door, (made 
of fire lute,) at which the metal is put in. C, the bed for con- 
JLaining the metal, d, the entrance downwards into the ash- 
hole. e, the ash-hole, which is to be closed when the furnace 
is in use. f, the fire-place hearth, g, an air-hole, to support 
the combustion of the fuel. A, the entrance at which the fuel 
is put in; it may be closed sufficiently by the coals themselves. 
I, the brick-arch or crown of the furnace; this arch, as w'cll as 
the sides of the furnace, should be built of Stourbridge bricks. 
O, the ta^hole, at which the metal is let out, when completely 
fused, llie size of the furnace represented in the plate, as 
designated by the scale, will contain upwards of three quarters 
of a hundred-weight of metal. 
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STAINING WOOD. 


Stains do *not lie, like paints, upon the surface of wood, 
but sink more or less into its substance. Hence the wood 
which has been stained, exhibits its natural pain and hard- 
ness: and it must be remembered, that if the wood be not 
white, the colour taken will be a compound of that of the 
wood and the stain. The dyeing woods employed must be 
understood to be in small cKips, or raspings. 

When the wood is mentioned to be brushed several times 
over with any fluid, it should be dried previous to each repe¬ 
tition of the operation. The woods which have been stained, 
are afterwards rubbed up with rushes, then with a cloth, dip¬ 
ped in a solution of bees’ wax in spirits of turpentine ; and 
afterwards rubbed with a woollen cloth alone. When the 
stain is intended to be very deep, the pieces should be boiled 
in the staining liquor, and not merely brushed over. 


To STAIN Wood Rkd. 

Take two ounces of Brazil wood, and two ounces of potash; 
mix them with a quart of water; and let the composition stand 
in a warm place for several days, stirring it occasionally. With 
this liquor, made boiling hot, brush over the wood, till the 
desired depth of colour is obtained. Then with another brush, 
brush over the wood, whil^ yet wet, with a solution of alum, 
in the proportion of two ounces of alum to a quart of water. 

For a pink or rose red, use double the quantity of potashes. 


To STAIN Wood Yellow. 

^ an ounce of turmeric in a pint of spirits of wine, 

miicttire stand for several days closely covered, faking 
H^BpMonaUy* Brush over the wood with this infusion. A 
recl^h yeilpw may be given to the colour by the addition of 
a tktte gum-tragacantb. 

Ditoted nitnc acid will stain wood yellow. 
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To STAIN Wood Geeen. 

Dissolve verdigris in vinegar, or crystals of verdegris in 
vrater, and brush over the wood with the hot solution. 

To STAIN Wood Blue. 

Dissolve copper in diluted nitric acid, and brush it while 
hot several times over the wood; then make a solution of 
pearl-ashes, in the proportion of two ounces to a pint of 
water, and brush over the stain made with the solution of cop¬ 
per, till the colour be ])erfectly blue. 

The green stain made as above with verdegris, may be 
changed to a blue by the solution of pearl-ashes. 

The sulphate of indigo, which may be had ready prepared 
of the dyers, will, when diluted w ith water, make a blue stain. 


To STAIN Wood Black. 

Brush the wood several times with a hot decoction of log¬ 
wood, then several times with common ink. 

To make a very fine black, brush over the wood with a solu¬ 
tion of copper in nitric acid as for blue, and afterwards with 
logwood, till all the greenness of the copper solution is gone. 

To STAIN Wood Purple. 

Take one ounce of log^vood, and two drachms of Brazil 
wood; boil them together in a quart of water over a moderate 
fire. When one half of the fluid is evaporated, strain the 
decoction, and brush it several times over the wood. After 
the wood is dry, brush it over with a solution of a drachm of 
pearl-ashes in a pint of water. 

To STAIN Wood a Mahogany Colour. 

Two ounces of madder, and one ounce of fustic, boiled m 
a quart of water, make a light mahogany stain : but a dark 
stain may be obtained by using half an ounce of logwood, in¬ 
stead of the madder, and brushing the stained wood over with 
a weak solution of potash. 

Cl.—VoL. II. 5 L 
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CONSTRUCTION OF A TEMPORARY SCAFFOLD, 

FOR REPAIRING THE INTERIOR OF HOMES. 

i 

This scaffold is contrived to move round on an upright pole, 
in the centre of tiie dome, and on two wheels ninning on the 
floor, so that it can be turned to all parts of the interior of 
the dome. 

Fig. 4, (plate Miscellanies) represents an oblique elevation 
of the scanold, as erected in the dome RH, of the building S. 
The chief support is a straight scatlbld pole, AA, which turns 
on a pivot at the top. supported bv a juece of wood fixed 
acro.ss the top of the dome in the centre; and is supported at 
the bottom on another pivot, resting in a step of wood fixed 
on the floor. To this ptde, a light braeed frame is fixed, and 
traverses round on two rollers ilH; these are situated at the 
bottom of the two ujiright legs KK, wliieh are nearly as high 
as the walls of the building. The tops of tlu se support llu; 
ends of two curved planks (.'C, the upper ends of whieh ;we 
bolted on each side of the eentrt'-pide at I). lb tween these 
planks, a number of boards or planks are plaeetl horizontally, 
so as to form a seafl'old, on whieh the workineii stand to wmk 
at the interior of the dome, at any height they find eonvenieiit. 
Tlie width of these steps gradually diimnish from the space 
between the two upngiits BB, to a very small width at tt>e 
pole near D. 

The whole machine is braced by the two diagonal stays il, 
extending from the uprights at the bottom BB, and secured 
to the upper part of the pole at E. 

The curved plank.s C(.' are also strengthened and supported 
by the short braces FF, (Ki, and IIH, which extend from the 
stays II to the curves CC; these form a strong and secure 
scaffold, which may be easily moved round to any [larl of the 
internal dome at pleasure. To strengthen the frame sideways, 
di^onal braces are applied between the two uprights KK. 

This scaffold is the invention of G. Hughes, a respectable 
painter and pla.sterer of Manchester. It was used for repair¬ 
ing and beautifying the Exchange in that town, and the ex 
pense of its erection did not exceed .€4; the estimate fbr a 
scaffold on the common plan, for the like purpose, would have 
been £40 or .£50. The inventor was rewarded by the Society 
for the Encouragement of Arts, &c. with a silver medal. 

‘ In cases where the elevation of the dome is very consider¬ 
able, a great degree of security might be obtained, by the ad¬ 
dition of a railing to the scaflbld. 
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MeTHOU of DREAKINU UP LoGS OF WoOD. 

The lartje root.s of trees, and other lofjs of wood, are fre¬ 
quently fullered to accumulate in farm-yards and other places, 
becau.se, thouLrh tht'V wotild supply a large quantity of fire¬ 
wood, the trouhle of working them up with the saw' or the axe, 
wSjidd jiot he compensated by their value. Knight, of Toster- 
lanti, London, therefore introduced a method, which has been 
Kuccessftdly practised, of blasting such logs of wood w ith gun¬ 
powder. lie bores with an auger, the wood intended to be 
broken up, then puts a ( harge of powder into the hole, which 
he closes by screwing into it a screw of a proper size. The 
screw. Inning been prepared f<»r the purpose, has a hole made 
flirouL;h its axis; this hole is filled by a wire when the screw 
IS put into the hole, but the wire is drawn out afterward.s, and 
a match, made of a piece of twine, dipped in a solution of 
nitre, is put 111 its place. This match being set fire to. burns 
slowlv, and allows the operator time to retire to a sufficient 
ilist.u ee before the explosion. The screw is not injured by 
the operation. 

The blasting of timber, may, however, be considerably sim¬ 
plified; it will be sullicieiit, merely to fill the hole with com¬ 
mon sand, after the charge of gunpowder has been introduced. 
The communication may be maintained by any slight tube, as 
a .straw, or a reed. The sand requires no wedging with stones 
above, but merely a slight pressure to make it lie close. It 
is a singular fact, that so loose a substance should not be 
blown out of the hole without the least injury to the wood, 
but it IS certain that the force xvith which it retains its place 
in such a situation, is sufficient not only to break up wood, 
but the Itardest rucks. 


To TAKE Impressions or Plants. 

Take the green plant, and spread it out upon paper, in such 
a manner as to display the proper character of the plant, in the 
best manner that a plain surface will admit; then place it be- 
tw’een the leaves of a book, and leave it under a weight for 
some days. When it has become stiff and dry, take it out, 
and with a camel-hair pencil smear the whole of it w ith Indian 
ink ; turn the painted side down upon a clean jiiece of paper 
which has been sponged with water at the back. Place a few' 
leaves of paper upon it, and again leave it under a w eight, fox 
about halt 'an hour. 
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In this manner impressions of plants muv be taken, which 
will have a soft and neautiful effect, and will characterise the 
plant with a degree of force not often observed in engravings. 
Care should be taken that the ink be not used so pK'ntifuUy 
as to make the impression too black, or to press out beyond 
the limits of the specimen. Any slight dehciencies which 
appear, may be supplied with a pencil. . • 

It has been usually recommenoed to use a printer’s ball and 
ink for taking impresssions; but the effect m this way is not 
superior, the dilhculty of managing the process is increased, 
and the conveniences required are not so easily attainable. 
Those balls which persons may make for themselves of white 
leather, as substitutes for printer's halls, will not answer, as 
they will lay the ink on in a daubing disagreeable manner, 
very differently to those balls which the printers have in con 
slant use, and which are made of raw skins. 


Method of clttinc Glass by Heat. 

Take a piece of dense charcoal, made from box or some other 
hard wood, and point it like a pencil. Scratch the glass, at 
the place where tlie fracture is to begin, with any instrument 
of hard steel, such as the corner of a file. Light the point of 
the charcoal, and applying it to the .scratch, proceed with 
pressing it upon the glass in the direction of the intended 
fracture. The gla.s8 will crack in the putli of the burning point, 
and the crack may be either in a rignt line, or zigzag, or cur¬ 
ved, at pleasure. As fast as the point of the churcoul becomes 
covered with ashes, it should be blowTi upon with the breath 
to keep it red hot, or it will not heat the glass sufficiently to 
produce the desired effect. The scratch made on the glass at 
the commencement, need scarcely be more than a point. 


Method of filling up Engraving on Silver with a 

DURABLE BLACK EnAMEL, AS PRACTISED IN Ul SSIA, 

Persia, and India. 

Take half an ounce of silver, 2i ounces of copper, 3j 
ounces of lead, and 24 ounces of muriate of ammonia; melt 
the metals together, and pour the compound into a crucible 
which has been before filled with pulverized sulphur, made 
iato a paste by means of water; the crucible is then immedi¬ 
ately covered, that the sulphur may not take fire, and the mix 
ture is calcined over a smeltiug fire, until the superfluous sid- 
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phur is burnt away. The compound is then coarsely pounded, 
and with a solution of muriate of ammonia formed into a paste, 
which is rubbed into the engraving on silver plate. The silver 
is then wtped clean, and suffered to become so hot under the 
muffle, that the substance rubbed into the strokfri of the en 
graving melts and adheres to the metal. The silver is after 
wards vetted with the solution of muriate of ammonia, and 
again pieced under the muffle till it becomes red hot. After 
this, the engraved surface may be smoothed and polished, 
without any danger of the black substance, which is an artifi¬ 
cial kind of silver ore, either dropping out or decaying. 


Method of making Sealing Wax. 

Take any q^uantity of shell-lac in powder; add to it half its 
weight of rosin, and half its weight of vermilion. Melt these 
ingredients over a gentle fire, and when they are thoroughly 
incorporated, work the composition into sticks, rolls, or any 
other form desired. 

This composition makes a fine, hard, red sealing wax; any 
other colour may be obtained by using a pigment of the co 
lour desired, instead of vermilion. 

lied lead is used instead of vermilion for common red wax, 
and the Quality of the composition is further debased by re 
versing tne proportions of rosin and shell-lac. 

The whitest rosin should be used for all bright colours. The 
wax will be more tenacious, if turpentine, boiled with a little 
water till it is hard, is used insU^ad of rosin. The lowest heat 
at which the ingredients can be melted, should also not be 
exceeded. 

The sealing wax may be softened by adding white w’ax to 
it; it is formed into sticks by rolling it upon a stone while it 
is yet soft; and is jiolished merely by melting its surface ove 
a*fire, and letting it cool without being touched. 


Method of taking Impressions on Paper, from 
Designs made on Stone. 

"Take a‘ifl|^grained stone which will imbibe water, let the 
surface of if be made smooth, flat, and free from scratches, 
but not polished ; draw or write on it with ink formed by dis¬ 
solving lac in a ley of pure soda, and intimately incorporated 
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with some lamp-black, that the atrokes made with it may be 
diatinctly seen. When the design is completed, leave it to 
dry and harden for three or four days, and it will then be ready 
for using in the following mahner. Immerse thet^itone in 
water for a couple of hours; on taking it out, remove the wa¬ 
ter lying on its surface with a fine piece of linen or silk; then 
dab the design with a printing-ball, in the same luant/tT that 
printers dab the wood cuts they are printing. The printing 
ink will adhere to the design, because the resinous composi¬ 
tion with which it was made, not imbibing water, was dried 
by the linen or silk rag; but the bare surface of the stone re¬ 
pels the ink, because the water has ent»‘red its texture. The 
impression may be taken on damp paper by means of a print¬ 
ing press, or by the rolling press of copjierplate printi rs. Se¬ 
veral hundred copies niuv be taken fnuii llie same tiesign in 
this simple manner. When the printing press is employed, 
the ihicknes.s of the slab shoula be etpial to the height of 
printing types, or about nine-tenths of an inch, and must be 
very fiat on both sides, or the pressure will be apt to break it; 
the edge of the upper surface should be rounded, that it may 
not catch the ink from the printing ball. 

The stone employed should be o! a light colour, that the de¬ 
sign may be easily seen upon it; and ol a fine grain, that the 
pen may move easily over it, and make perfect strokes; yet it 
must be easily penetrable by wat(‘r; the stone which has 
hitherto been’ found the best, is of the calcareous class, 
nearly white: the most porous kind.s of light blue slate 
would probably answer. 

The art of printing from stone, above described, has re¬ 
cently become particularly interesting, by the prospect there 
appears to be, that it may in part supersede the use of en¬ 
graving upon copper and wooa. The efiect of the impres¬ 
sions much resemble.H that of chalk engraving, but designs 
exhibiting considerable precision have been executed in this 
style, and it will probably yet receive great improvement; its 
greatest defect is uniformity of tone, but it affords artists the 
singular advantage of having their original sketches multi¬ 
plied by printing, without either the expense of engraving 
them, or the loss of spirit to which they are liable in the 
copying and recopying which engraving requires. 

Ppocess for removing Spots of Grease from Books 

AND Prints. 

After having gently warmed the paper stained with grease, 
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wax, oil, or any fat body whatever, take out as much as pos¬ 
sible by means of blotting paper, having first scraped olf with 
a blunt knife what was not sunk in, and gently wanned the 
stained part. Then dip a small brush in well rectified spirits 
of turpentine, heated almost to ebullition, (for when cold it 
acts very weakly,) and draw it gently over both sides of the 
pa 4 )er, jvhich must be carefully kept warm. This operation 
must b« repeated as many times as the quantity of the fat 
body imbibed by the p'uper, or the thickness of the paper, 
may render necessary. 

When the grease is entirely removed, recourse may be had 
to the following method to restore the paper to its former 
whiteness, whicli is not completely restored by the first pro¬ 
cess. Dip another brush in alcohol, and draw it, in like man¬ 
ner, over the place which was stained, and particularly round 
the edges, to remove the border that would still present a stain. 

By emploving these means with proper caution, the spot 
will totally disappear, and the paper assume its original white¬ 
ness ; if the process has been employed upon a part written 
on with common ink, it will experience no alteration. 


MeTHOO of niSCOVF.RINO WHETHER Wine contains any 
Metal imiejl dk i al to Health. 

Mix equal parts of oyster-shells and crude sulphur in fine 
powder, and put the mixture into a crucible, lleat it in a 
W'ind furnace, and increase the heat suddenly, so as to bring 
the crucible to a white heat for the space of fifteen minutes. 
Pulverize the mass when it is cool, and preserve it in a bottle 
closely stopped. 

To prepare the proving liquor, put one Inindred and twenty 
grains of this powder, and one hundred and twenty grains of 
cream of tartar, into a strong bottle ; fill the bottle with com¬ 
mon water, vvhicij bull for an hour, and then let it cool; close 
the bottle immediately and shake it for some time. After it 
has remained at rest to settle, decant the pure liquor, and pour 
it into small phials capable of holding about an ounce each, 
first dropping into each of them about Iw’enty drops of muri¬ 
atic acid. They must be stopped very closely with a piece oi 
wax, in wliieh linue is a small mixture of turpentine. 

One part of this liquor, mixed with three parts of suspected 
wine, will discover, by a very sensible black precipitate, the 
least traces of lead, or copper; it precipitates arsenic of an 
orange colour, but produces no eftect upon iron, if the wine 
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contain any pf that metal. When the precipitate has fallen 
down, it may still be disoorered whether ^e wine contains 
iron, by saturating the decanted liquor with cream of tartar, 
(super-tartrate of potass) by which the liquor wiU«tmmedi- 
ateiy become black. Iron, which is not noxious, but rather 
salutary, frequently gets into wines by accident. 

Pure wines remain clear and bright, after this provipg 
liquor has been added to them. 


Method of feesebfino Birds. 

Open the bird at the vent, extract the entrails, lungs, craw, 
&c. wash out the cavity with a solution of one ounce of muri¬ 
ate of ammonia dissolved in a quart of water, in which after¬ 
wards two ounces of corrosive sublimate of mercury must be 
put j or four ounces of arsenic may be boiled in two quarts of 
water, till all, or the greatest part, be dissolved. Sus|>eiid the 
bird by the bill to drain i then strew tlie inside with a powder, 
made of four parts of tobacco sand, four parts of pounded pep¬ 
per, one part of burnt alum, and one part of corrosive subli¬ 
mate or arsenic; then fill the body with oakum or tow, steeped 
in the above liouor; take out the tongue, and scoop out the 
brain through tne mouth; fill these cavities also with steeped 
tow. The attitude is given by sharp-pointed wires, one end 
being thrust through the legs, breast, and neck, also through 
the wings and body across. Dry the bird gently in an oven, 
taking care that the heat is not too powerful, which may be 
known by a feather or a hair, put for trial’s sake into it. If 
the heat be proper, the feather will neither crisp, curl, nor 
bend. If at any time the bird gets moist, have recourse to 
the oven, or a gentle fire, W’hich will recover its lost elasticity, 
and preserve it any length of time. Eyes may be procured at 
any glass manufactory, or they mav be bought at any of the 
dealers in birds and curiosities in London; or the eye sockets 
io^ be filled up with putty, and painted according to nature. 

The recipe orthe late Sir Ashton Lever, for preserving birds, 
was a mixture of one pound of salt, four ounces of alum, and 
two ounces of black pepper j in every other matter as just di¬ 
rected, except the use or the liquid, and drying tbe subject by 
the oven. He suspenjd^ the birds by the feet, in a fine, cool, 
airy place, for the sal^R impregnate the body; afterwards by 
a taread nm throi^fn^e under mandible, till it appeared to 
be perfectly sweet; tben hong it in the sun or near the fire. 
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The preserver of birds, at the late Leverian Museum, 
adoptedf a very excellent mode of supplying his subjects with 
eyes; it consists in using a hemisphere of polishecf glass, on 
the plani^side of which is painted a correct representation of 
the iris, pupil, &c. of the eye. The eyes thus formed, have a 
lively natural eftect. 


To RENDER Boots and Shoes waterproof. 

Take one pint of drying oil, two ounces of yellow wax, two 
ounces of spirits of turpe-ntine, and half an ounce of Burgundy 
pitch ; melt them over a slow fire, and thoroughly incorporate 
them by stirring. Lay this mixture on new shoes and boots, 
either in the sun or at some distance from the fire, with a 
sponge or brush; and repeat the operation as often as they 
become dry, until they are fully saturated. The shoes and 
boots thus prepared, ought not (o be worn until the leather 
has become jit rfectiy dry and elastic. They will then be found 
impervious to moisture, and their durability will be increased. 


Fluid for Steeping Seeds, to prevent the 
Depredations of Vermin. 

H. Brown, of Derby, observes to the Society for the Encou¬ 
ragement of Arts, &c. that when he steeped seeds for three or 
four hours, or for a sufticient length of time to penArate the 
husk, in a strong solution of liver of sulphur, he never lost 
a seed by vermin during a three years’ trial. 


5M 
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Pbesehvation of Crops by Elder. 

If branches of elder be brushed occasionally over plants, 
such as cabbages, cauliHowers, turni|>s, or »uiy other produc¬ 
tions of the ‘garden, the openiliou is found to have a rema-’k- 
able effect in preserving the j>lanl> from the attacks of insects, 
and also preservini: fruit-trees from being blighted. 


Method of obtaimno vf kv .stho\c. Lf.moN Jt i« f,. 

Express the juice of ripe lemons in the uMial manner, and 
strain it through a piece of linen. In half an hour strum ti 
again, to free it from the small portion of slimy matter whirii 
will have settled at the bottom of the vessel. '1 lien add to 
the juice some of the strongest spirits of uiue, am! preserv** 
the liquor for some days in a well corked bottle. Filter tin- 
liquor through paper; but if too thick to pass through the fil¬ 
ter, dilute it again with spirits of vnne. After the hi.st filtra¬ 
tion, the acid of lemons may he freed from the spirits of w nu- 
by the evaporation of the latter. The acid, after being thus 
freed from the spirits of wine and moisture comhined with it. 
assumes a yellowish colour, and becomes so strong, that by 
its taste it might be considered a mineral acid. 


New Mode op prefarino Vinegar. 

Take a cask made of oak, of a size proportioned to the 
q^ntity of vinegar required; this cask must have a bung 
about an inch and a half from the bottom, for the purpose of 
drawing off the liquor, hut it must be set on one end to per¬ 
form the operation. Rain or river water only can be used for 
this preparation; a quantity of either must he put into the 
cask equal to the quantity of vinegar required. 

To 13 quarts of water, add half a pint of brandy, 4 ounces of 
tartrate of potass, 12 oi^es of su^r, and 6 ounces of yeast 
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Reduce the tartrate and sugar to powder, dissolve them in 
warm rain water, adding the yeast, so as to form a thick 
solution, which, being mixed with the brandy, must be poured 
into the #ask, and the latter must be placed in a warm situa* 
lion for about six weeks. 

Before the cask is bunged up, the water and other ingre- 
diants contained in it should be shaken together, to mix them 
as much as possible. Half an hour is sufticient to render the 
mixture complete. This vinegar, when drawn off' into bottles 
and well corked, xvill keep a long time, and is not inferior to 
any vinegar hitherto known. 


A NEW, EASY, AND CHEAP MeTHOD OF IMPREGNATING 

Water with Carbonic Acid Gas. 

Dr. Fierlinger lias proposed the follow ing very simple mode 
<tf impn glinting water with carbonic acid gas. He nils com¬ 
mon round bottles with water, inverts them carefully under 
water, in order to prevent any air from entering, and charges 
them with carbonic acid gas, in the usual manner of trans¬ 
ferring gas>es from one vessel to another, (see p. 308 of this 
vol.) He then corks the bottles, thus filled, under water with 
a v( iitilated stopper, immt*rses them under water in a cylin¬ 
drical vessel, two feet high, and of a proportionate width to 
the diameter of the bottle, in order to apply, according to 
hydrostatic laws, a great pressure w ith a small quantity of wa¬ 
ter. The bottles thus filled with the gas, and entirely immers- 
eil, imbibe water by means of the affinity the carbonic acid 
has for it, in such u manner that they are nearly filled; and 
wattT is thereby obtained, impregnated with an equal volume 
of gas, the water having lotlgea itself in the interstices of 
•he gas. 

This method has, besides its convenience and cheapness, 
still other advantages; the degree of impregnation may be re¬ 
gulated by the height of the column of water under which the 
bottle is immersed, and the water is prepared in those vessels 
out of which it is to be drank, and tnis prevents that escape 
of gas which always takes place in pouring from one vessel to 
another, especially if the water be strongly impregnated. 

The above-mentioned ventilated stoppers, are corks fitted 
exactly to the bottles, perforated lengthways, by holes drilled 
through them, the uppermost orifices of which are covered 
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with a small plate of pewter, fastened to the cork by means 
of a string passed through a hole in the centre, and drawn 
through the cork. If this small plate be furnished with a 
little cavity, lu %vhich iron tilings are put, Uie wutes becomes 
chalybeate. 


On the Applu ation of Platina to Pohcf.lain. 

For this purpose, platina is dissolved, in nitro-inuriatic acid, 
and precipitated by a solution of muriate of uniinoniu. The 
red crv'stalline precipitate fornn-d is to be <ine<l. reduced t<» a 
fine ptAvdi'r, and nuifle sli^^htly re»i hot in a ulass retort. The 
muriate of ammonia, a hu h had pri'< ipit.ited in c«)iuhination 
with the platina, Mibliines; and the iiu tal remains at the bot¬ 
tom of the retort in the h>rm of a liohl grav powder. I his 
powder being mixed with a sinali proportion of mix, as is dune 
with gold, and ground with oil of .spike, is to he applied to 
the |>orcelain, put into the furnace, and aft» rwards buinished. 

Platina, applied on porioduin in this manner, is of a silver 
white, sliixhtly tending to the gray of steel. 11\ alloying this 
metal in dilferent proportions w ith gold, iliHerent shades of 
this colour are obtained. Platina admits a considerable (juaii- 
tity of gold, before its c(d«iur uinhruoes any pereeplihle 
change to yellow. For example, if one part of jdatina lie al¬ 
loyed with four parts of gold, tfie presence of the latter cannot 
be perceiveil, and the colour scarcely differs from that of pure 
platina. The colour of the gold does noMiredominale, unlesH 
it be in the proportion of eight to one. Tlie alloys of platina 
with silver give only a dull metal. 

Besides this method of ap[)lving platina to porcelain, it may 
be laid on in the state of solution. In this way, its colour, 
lustre, and appearance, are very different. If the nitro-niuri- 
atic solution of platina be evaporated to a consistence suit¬ 
able for painting with, and several times laid on the porcelain, 
the metal penetrates into its substance, which, after it comes 
out of the furnace, exhibits a metallic mirror of the colour uud 
brilliancy of polished steel. 
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To OBTAIN Nitric Ether without Heat. 

Into a tubulated retort is introduced one ounce of sugar, and 
two ounces of pure alcohol are poured upon it. To the retort 
is^dapted a capacious receiver, enveloped wdth a cloth dipped 
in cokf.water, and the joinings are secured with a single slip 
of paper. Upon this matter, three ounces of highly concen¬ 
trated and smoking nitric acid are poured through the tube 
of the retort. An ert'ervescence instantly takes place, the 
mass becomes heated, the sugar is dissofved, ebullition en¬ 
sues, and the alcohol is etherized, and passes from the retort 
into the receiver. Thus, in a little time, may be collected in 
the receiver all the alcohol, converted into excellent ether, of 
u light orange colour, and a very agreeable smell; which does 
not turn vegetable blue dyes red, and acts in every respect 
like the best ether from nitric acid. 

Aft« r the fermentation of the ether, a small quantity of*m- 
trous gas i.s disengaged in this operation; it is discovered by 
a red vapour, which spreads through the apparatus. As soon 
as it is observed, the receiver should be changed. In the 
retort is left some sugar, which may easily be converted into 
oxalic acid, by treating it with a fresh quantity of nitric acid. 


Method of pkeparino perfectly pure Caustic Let 

Boil equal parts of purified salt of tartar, (tartrate of pot¬ 
ash, or vegetable alkali prepared from tartar,) and Carrara 
marble, burnt to lime, with a sufficient quantity of water, in a 
polished iron kettle^ strain the ley through clean linen, and 
though yet turbid, reduce it by boiling, till it contain about 
one half of its weight of caustic alkali; after which pass it once 
more through a linen cloth, and set it by in a glass bottle. 
After some days, when the ley has become clear of itself, by 
standing, carefully pour it off from*the sediment into another 
bottle. To be convinced of its purity, saturate part of it with 
muriatic or nitric acid, evaporate it to dryness, and re-dissolve 
it in water. If it be pure, no turbidness will take place in the 
solution. The quantity of caustic alkali, which this ley con¬ 
tains, may be ascertained by evaporating a certain weighed por- 
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lion of the lev to drynest, in an evaporating dish of a known 
weight. In me preparation of this caustic fey care should be 
taken that the alkali be not entirely deprived of carbonic acid, 
because in that case we can. with greater certainty depend 
on the total absence of dissolved calcareous earth. By em¬ 
ploying burnt marble, or, in its stead, burnt oyster-shells, the 
usual contamination of the caustic ley with muminous earth 
may be avoided; because lime, prepared from the common 
species of limestone, is seldom free irom argil. 


Charcoal Cri cibles. 

In the analysis of fossils, Klaproth found charcoal crucibles 
of great utility: he used them in the following manner : tak¬ 
ing a sufliciently large fragment of well-humed charcoal, he 
made in it a cavity of a sire answering to that of the fossil. 
This cavity, after the fossil was put into it, was closed with a 
charcoal stopper; after which the charcoal crucible was fitted 
into a crucible of baked clay, and this last was well joined to 
its cover by luting. 

In order to make comparative experiments, he placed an 
other quantity of each fossil immediately in a crucible made of 
clay uimiixetl with iron. After the cover had been luted on, 
it was exposed to the same heat. 


hlETHOn OF PBFJPABING A CHEAP SCBSTITUTB 
FOB OlL-PAINT. 

It often happens that people do not choose, or cannot em¬ 
ploy oil-painting in the country, either because it does not 
dry soon enough, and has a disagreeable smell, or because it 
is too costly. Liidicke employed with the greatest success 
the following composition for painting ceilings, gates, doors, 
and even furniture. 

Take fresh curds, and bruise the lumps on a ^nding-stone, 
or in an earthen pan or mortar, with a spatula. After this 
operation, put them in n pot wi A an ecmal quantity of lime, 
well quenened, and become thick enougn to be kneaded: stir 
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this mixture well without adding water, and a whitish semi¬ 
fluid mass will be obtained, which may be applied with great 
facility like paint, and which dries very speedily. It must be 
employed the day it is prepared, as it will become too thick 
the day following. Ochre, Armenian bole, and all colours 
which hold with lime, may be mixed with it, according to the 
colouft desired; but care must be taken that the addition of co¬ 
lour made to the first mixture of curds and lime, contain very 
little water, or it will diminish the durability of the painting. 

When two coats of this paint liave been laid on, it may be 
polished with a niece of woollen cloth, or other proper sub¬ 
stance, and it will beccune as bright as varnish. This kind of 
painting, besides its cIk aj)ness, possesses the advantage of 
admitting two coats to be laid on and polished in one day, as 
it dries speedily, and has no smell. 


Preparation or tiif. Substance called Asses Skin, 
LsEi) for Memorandum Books, &c. 

Take either vellum, parchment, very fine cloth, or paper, 
and stretch it in a frame as tight as possible; then take twelve 
pounds of white lead, and grind it very fine; add to it one- 
third part of the best plaster of F^aris, and one-fourth part of 
the best stone lime; mix them well together, and levigate them 
thoroughly with water. Then take a new glazed vessel, and 
dissolve six or seven pounds of the best double size over a fire, 
and mix the above ingredients with it till it is of such a con¬ 
sistence that it may be laid on with a brush. Lay three or four 
layers of this composition on the skin or cloth, as smooth as 
possible, observing that the skin is dry each time, before a 
oecond layer is laid on. Then take the best nut or linseed 
oil, and to every pound of this oil add four ounces of the best 
white varnish, and mix them well together. Lay on.three or 
four layers of oil, thus prepared, each time exposing the sur¬ 
face to tlje air till it is thoroughly dry. 

The above composition is for the white sort of artificial 
Eases* skin; for a brown or yellow, add to every pound of the 
oil and white varnish, three or four ouiu^s of the best stone 
ochre, or orpiment, or Dutch pink, and three or four ounces 
of litharge. These must be well ground with very old linseed 
oil, and laid on, as smooth as possible, ten or twelve times 
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exposing the surface each time to the air, to be thoroughly 
dry before a second coat is given; and it must be placed where 
no dust or dirt can fall upon it The colour may in the same 
manner be varied at Measure; as, for instance, to a red by ver¬ 
milion, to a blue by Ihruasian blue; and to a black by pound¬ 
ing slate, grinding it very line, and mixing it with as much 
ivory black as will turn it to a fine black colour. 

When the skin, paper, or cloth, thus prepared, is thoroughly 
dry, it may be written on with a black or red lead pencil. 


To MAKE AhTIFICIAL GRINDSTONES. 

In India, they form grindstonef in the following manner: 
take of river-sand three parts, of washed seed-lac one part; 
mia them over tlie fire in a pot, and form the mass into the 
shape of a grindstone, having a sijuare hole in the centre; fix 
it on an axis with the liquefied lac, heat the stone moderately, 
and by turning the axis, it may easily be formed into an ex¬ 
act orbicular ^ape. 

Polishing grindstones are made only of such sand as will 
pass easily through fine muslin, in the proportion of two parts 
of sand to one of lac. 


To PRESERVE Wood in damp situations. 

Two 9 oats of the following preparation are to be applied, 
after which the wood is subject to no deterioration whatever 
ftrom humidity. 121bs of rosin are to be beaten in a mortmj 
to which three pounds of sulphur, and 12 pints of whale ‘oil, 
•re to be addedh This mixture is to be melted over the fire, 
and stirred during the operation. Ochre, reduced to an im- 
iMi^pabde powder by tritnratiiig it with oil, ,may then be com¬ 
bined in the proportion neccasary to mve either a lighter or 
a darker colour to the material. Tbe first coat should be put 
on ligh%» having been previously heated; the second may be 
mppl^ in two or three dayt, ana a third after an equal inter¬ 
val* if, from the peculiar dsympness of the situation* it should 
be l^ged enpedient. 
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Patent Size. 

In the year 1800, a patent was taken out by Thomas Foden, 
of Coventry, for making size agreeably to the foil- winjgjipeci- 
fkation: 

“ I take a quantity of calcined gyp?rfi^, or any other calca> 
reous or argillaceous earth, and reduce it to a fine powder. I 
then mix the same with alum, suijar, and the gluten or farina 
of potatoes, or anv other vegetable gluten, t then take any 
given portion of tins powder, and mix it well with cold water, 
into a soft paste. Then I take water in a state of ebullition, 
and pour it on the mixture, stirring it round till it is suffici¬ 
ently united and gelatinous. I then, by the addition of the 
vegetable or mineral alkali, treacle, or glue, temper it to all 
weathers. This size will be found superior to any made wdth 
flour, glue, &C. in the sizing and dressing all kinds of yarn, 
ns the mucus from flour requires to be corrected by a strong 
alkali,'’ 


Method of prepaking Bkita.nnic Elastic Gum. 

Take linseed-oil, or nut-oil, one gallon; bees-wax, yellow 
or bleached, one pound; glue or size, six pounds; verdigris, a 
quarter of a pound; litharge, a quarter of a pound; spring or 
rain water, two quarts: to be put into an iron kettle, and 
melted till the whole becomes a uniform composition. 

For this preparation a patent was taken out. The inventor 
states it to be very' serviceable in the several branches of por- 
•trait and house painting, by making the colours durable and 
free from peeling; also of great utility in gilding, painting, 
pencilling, and straining of silks, calicoes, &c. and in dressing 
of silk, linen, and cotton, in the loom, instead of gum or paste, 
so as to strengthen the threads of the finest cotton ; and also 
excellent for beautifying and fixing the colours upon paper, 
equal to that done in India; and of the greatest use for ren¬ 
dering the clay, or composition used in modelling, supple, 
and preventing the same from drying too fast; and for causing 
a transparency of colours fit for china and earthenware, so as 
to stand baking or burning. 

61.~Vol. IL 5N 
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ttf etrsnrti wrilinK«.~~Ne«i kind of oil. 

. - -.- - - - 


Method of restoring Writings !:FF.ici;D by oxy¬ 
genated Muriatic Acid. 

This process was ptiblishtHi in the Moniteur, hy or<ler of the 
French t^overnnient. It was invented by CJuietaud, ujmthecury' 
of the (iraiid Hospital of Humanity. 

The sulphurel of uiuimuiia and the prussiate of potass are 
the two substances which he prefers. The disiiiireeuble smell 
of the Kulphuret of anunonia ^v^ll no doubt prexeiitmany per¬ 
sons from emj)h<ynii; it : it ha.s, however, this udv.uitaire, tie.U 
it does not stain the paper, and that it makes tin- wntitej r» - 
appear when simpiv expoNed to its vapour m a ehese vessel, 
or umler a bell-ulass. But to produce this efb et nn>re speei i.U, 
it will he best to pour a few <lrnps <;t it into water, and to dtj' 
the paper in it: tlie etlaeeil wntiiio soon re-ap}»ears of a d.iii, 
brown colour, ami exceediiioly h'oible. 

The prussiate of potass oives a blue ctdour to the writui-, 
whether that elVaced or that whieli lias h. eii suhstiluti d h>r li , 
which is siiflicient to detei t fraud <<f this kind ; it eiv»sto j ..- 
per, at the same time, a slnjht tint <d blue. 1 o e injih>\ it. 
put into a basin, or anv otin r ileep vt ssi 1, and of a suii.dile 
size, as much waItT as may be sutlu n nl for inuneisin^ tiie 
It^aves of paper to be subpited to exaiiunation. linn .old 
about half a thimble-full of the prussiale ; and, when u has 
been well mixed with the water, numers* in tlie Inpod a h at 
of paper. When it has imhiln-fl the luinul well, a ft w drops 
of sulphuric, or any other acid, poured into the mixture in 
such a manner as to render it .sliji^htly acid, will be siifhen nl 
to make the writint; re-appear. it is well known, tliat the 
same substance* possesses the property of reviving old writ¬ 
ing, if employed in the like manner 


Op the Oil obtained from the oliferous China 

Radish. 

The oliferous China radish, (the raphanmh Chinemh amum 
olifenu of Linnams.) has of late years been cultivated in 1 led- 
mont and the Milanese. From 31 ounces of seed, a farme^ 
named Grandi, obtained a produce of 633 pounds, which 
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yiekled 200 pounds weight of oil. The Chinese extract from 
the seed half its weight of oil. This oil is employed by the 
Italians for culnmry use; it burns without emitting smoke, 
and gives quite as clear a light as common oil. In the Mila- 
lu-se, the phnU is sown between the beginning of March and 
the middle of April. The land is ploughed in uutuntn, and 
again Jaefore the se«‘d is sown, but is not manured. It is then 
lulled,‘bo that the seed is covered about half an inch. The 
plants are thinned, so us to leave a distance between them of 
nut less than 21 inches, and not more than five. If broken 
down by hail or other accidents, they push out new shoots, 
which yield seed equally good and abundant with the parent 
sicm. 


(II i:M1C AL LX EH IM ENTS. 


Tin: Chemical Weatiiek-Glass 

A bottle or vessel of glass, about ten inches long, and three 
quarters of an inch in diameter, filled w ith a peculiar mixture, 
has been recently sold to answ er the purpose of the barometer, 
•bv the changes w Inch it exhibits according to the state of the 
weather. Tlie follow'ing is staled by \V iegleb to be the mode 
of composing this Hiiid. Two draclims of camphor, half a 
drachm of purified nitre, and half a drachm of muriate of am¬ 
monia, are to he pulverized, and dissolved in two ounces of 
proof spirits. This composition is to be put into a glass ves¬ 
sel, as above described, the mouth of which is to be covered 
with paper, or a jiiece of bladder perforated with a needle. 

The changes which appear in this composition are stated to 
be of the following nature. If the weather promise to be^we, 
the solid matter of the composition will settle at the bolfom 
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of the tube while the liquid is pellucid; but previous to a 
chang^e for rain, the compound will gradually rise, the fluid 
will continue transparent, and small stars will be observed 
moving or floating about within the vessel. . 

Twenty-four hours before a storm, or very high wind, the 
substance will be partly on the surface of the liquid, appa¬ 
rently in the form of a leaf: the fluid in such case will be 
very turbid, and in a state resembling fermentation. 

During the winter, small stars being in motion, the compo 
sitiun is remarkably white, and somewhat higher than usual, 
particularly when while frosts or snow prevail. (,>n tlie con- 
trarv, in tlie summer, if the weather be hot and seieiie, the 
substance subsides closely to the bottom of the glass lube. 

Lastiv, it may be ascertained from what point of the com¬ 
pass the wind blows, by observing that tlie solid purln les 
adhere more closely to tlie bottom, on the side oppostle to 
that where the tempest arises. 


The Phosphoeic Fire or Match Bottle. 

Take a piece of phosphorus, about the size of a pea, put it 
into a very small phial, ami till up the bottle witli quicklime 
in powder. Set the bottle in the midst of some saml contained 
in an iron vessel ot any kind, and place the iron vessel over a 
gentle fire. The bottle should be loosely stopped with a cork, 
and while it is gradually warming, its contents should be oc¬ 
casionally stirred ; but two great an access of air must be 
avoided, to prevent their catching fire. When the whole of 
the lime has become of a reddish yellow colour, the phospho¬ 
rus may be considered as having combined with it, and the 
bottle may be taken from the fire. It should be kept well 
corked, and opened as seldom and for as short a time as pos- 
tible. When a brimstone match is introduced into this com¬ 
position, and stirred about a little, it w'ill instantly be lighted. 

Another mode of forming a fire-bottle, consists in mixing 
one part of sulphur with eight of phosphorus. A match in¬ 
troduced into this composition, and then rubbed upon a 
of cork or any similar aubstance, is immedi^ely lighted by 
the friction. 
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Gilding of a ribbon.—Artificial foloaaoea.—Conbnatica of oS. 


To GILD A Ribbon chemically. 

Take a silk ribbon, wet it thoroughly with phosphurlzed 
etber, and then dip it into a solution of muriate of gold, 
which will gild it in a manner that will bear washing. 

The phosphorized ether is prepared by letting ether stand 
over phosphorus for some weeks. 


The Artificial Volcanoes. 

Take nitre and cream of tartar, of each one ounce; let them 
be reduced to a fine dry poivder, and well mixed; add to them 
a little jinwdered charcoal, and raise the whole into a heap, in 
the form (tf a pyramid ; set fire to the vertex, and the clouds of 
hill' ke, the fiahlies of light, the hissing noise, and the torrents 
of red-hot laia which wil] roll down the sides, entitle it to the 
appellation of the artificial \olcano. The residuum is vege¬ 
table alkali, which may be kept in bottl'^s for use. 

Mix equal (juaiitities of flowers of sulphur and iron filings 
or turnings, form them into a paste with w'ater, and bury the 
mass in the earth at the depth of about a foot. In about twelve 
hours afterw ards, if the w eather be warm, the earth will swell 
up and burst, flames will issue forth, and a yellow' and black¬ 
ish dust will be scattered about. There should be a consider- 
•able mass of the composition ; for example, fifty pounds. 


Beautiful Appearance from the sudden Combustion 

OF Oil. 

Pour half a spoonful of olive oil into a small crucible, ob¬ 
scurely red, or at that degree of heat, which will have been 
discovered by some previous experiments. A thick cloud of 
white smoke will immediately rise, which takes fire at ita 
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summit, that is to say. four or fi%-c feet distant from the cru* 
cible. If, on the contrary, U»c comhustiun of the cloud arises 
from the cr\icil)le, it is occasioned by the heat being too 
ureat. In that case it will bt* proper to wait a few niiuutes, 
when the phenomenon will appear in all its inagnihceuce. 


Gas Light. 

Fill the bowl of a tobacco-pipe with pulverized coal, and 
lute the mouth of it with a mixture of clay and sand. Put it 
in the fire, and when it becomes reil hut, apply a lighted candit; 
to the end of the tube; the gas which i.ssues from it will take 
lire, and will continue to bum with a bright tlaine, till the coal 
in the pipe-head is burnt to a cinder. The gas thus obtained 
is the carhuretted hydrogen which is employed under the 
name of gas-lights. The residuum in the bowl of the pipe 
is coke. 


Detonating Mixtcrf.. 

Mix sulphuret of antimony with half its weight of liyper- 
oxyinuriate of potass, place a few grains of the mixture upon 
an anvil, and strike it sharply with a hammer; it will explode 
with a loud report, and an intense light. 


Fulminating Powder. 

* Mix together in a mortar, tiiree parts of nitre, two of pot¬ 
ash, and one of sulphur. Put a little of this powder upon a 
shovel, and heat it slowly, by placing the shovel on the fire. 
At the instant of its beginning to melt, it explodes with a 
violent report. This compound is not dangerous, like tlie 
metallic fulminating powders; but as much of it as will lie 
upon a sixpence, is sufficient to use at a time. 
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Combustion under Water. 

Put a small quantity of hyper-oxymuriate of potass and a 
bit,of posphorus into a wine class, and pour cold water upon 
them. Tfake a glass tube, and dip one end of it into sulphuric 
acid, press with a finger upon the upper orifice, to retain the 
acid which has entered the tube, and convey that end to the 
bottom of the wine glass, and then taking the finger from the 
top of the tube, the acid will immediately cause the combus¬ 
tion of the ingredients under water. 


Heat produced by the mixture of two cold Fluids. 

To any quantity of sulj)huric acid, in a glass bottle, add 
one-fourth of its measure of water, and shake up the mixture 
once or twice. The part of the bottle occupied by the fluid 
will immediately become too hot to be held in the hand. Un¬ 
less the bottle be strong, it is advisable not to make suddenly 
more than half a pint of the mixture, to avoid any accident. 


Transcolorations.’ 

• To a weak solution of galls, add a few drops of weak solu¬ 
tion of sulphate of iron; the fluids, separately, are transparent, 
and devoid of colour, or very nearly so, but the mixture is 
black. Add to the mixture, by decrees, some muriatic acid, 
which will cause it to lose its blackness, and become trans¬ 
parent; add to this compound a strong solution of potash, 
which is colourless, and it will recover its blackness. 

Mix an ounce of nitre with six drachms of black oxide of 
manganese, and expose the mixture to a red heat in a cru¬ 
cible. Take a dark-coloured mass thus prepared, and when 
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cold, put it into a glass vessel, pour a little water upon it, 
and the colour will be green; add more water, and the colour 
becomes blue; a further quantity makes it purple. The sul- 
phuret of lime destroys its colour. 

If calomel, which is white, be rubbed in a mortar with a 
solution of caustic ammonia, which is also without colour, 
the mixture becomes a deep black. 

To a tincture of litmus or violets, or any other vegetable 
blue, add some diluted sulphate of indigo; the mixture will 
immediately become red. 

Form a colourless solution of nitrate of copper in water; 
ad(j to it liquid ammonia (spirits of hartshorn) which is also 
colourless, and the mixture will exhibit a deep blue colour. 


APPENDIX. 


On the Preparation and Use of Copal Varnish as 

A VEHICLE PREFERARLE TO OlL FOR THE PURPOSES OF 

THE Painter, and of a Varnish for Drawings and 
Prints.* 


By the following proces.s, a fine solution of copal in spirits of 
turpentine may be prejiared without heat. It is quite transpa¬ 
rent, colourless, durable, and protects colours from change. 

Take the cleanest and whitest lumps of copal; beat them 
small, and pick out all the impurities. Pound them to a fine 
mass in a glass or Wedgwood’s mortar; then pour in colour¬ 
less spirits of turpentine to about one-third higher than the 
copal, and work up the whole quite fine. In half an hour 
work it up again till fine (if left too long it will get so tough 
as not to be rubbed up again;) and in an hour work it up 
again, and once or twice more in the course of the day. The 
next morning it may be poured off into a bottle for use ; but 
as it is thicker or thinner according to the quantity of turpen¬ 
tine and the heat of the weather, it should be tried as follows 
before it is bottled up : dip a palette-knife into it, and dry the 
varnish adhering to the knife by the fire as quickly as you 
can without burning it; and if, when cold, a fair coat of var¬ 
nish is found to be left on the knife, it is strong enough : 
otherwise w'ork it u]) again, and let it stand some time longer. 
After taking off this first supply, pour on a fresh quantity of 
turpentine, and rub it up several times during two or three 
days:—try it by the palette-knife as before; and when strong 
enough, pour the liquid off into the same bottle with the first. 
A third quantity of the spirits might be added, which would 


• Proposed by Varley, in Phil. Mag. v. 61 . 
62.—VoL. II. 5 O 
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make the remaining copal appear aa dry m crumb of bread, 
and a much longer time would be required for the solution. 

The common spirits of turpentine seems to dissolve copal 
best; but when that cannot be had colourless, the rectified 
spirits may be employed. 

To paint with this varnish, use powder colours ground quite 
fine; or else grind them in spirits of turpentine, and add ai* 
much of the varnish as will bind them well. Keep them in 
bottles, and for use mix the tints in saucers, thinning them with 
pure spirits of turpentine as they thicken in dry ing. It is best 
to make the vaniish so tliin as not to shine when tlie paint is 
dry; but if it work too dry, moisten with a little more varnish 
till that fault be rectified; and if it become too thick, so as to 
work gummy, add powder colour and spirits of turpentine till 
it is brought to a proper consistence. The saucers of colours, 
if arranged in a small chest of drawers, will be kept clean, an<l 
in a small compass ; and the colours w ill be contiimully set 
for use, as they only require moistening in the morning with 
spirits of turpentine; or without waiting to st>fteii them lu this 
wav, fresh colour out of the bottles may be put upon (he old. 

The colours work freest, and dry quickest, when (hey do 
not shine, and will remain exactly as they are laitl on ; hut if 
there is too much varnish, and the canvass is painted fre¬ 
quently over in the same day, the sharp touclu s will spread a 
little;—a fault which must be avoided by using no more var¬ 
nish than just enough to shine, and by drying the part inori^ 
perfectly before painting on it. In cold weather the drying 
may be efiected by the fire, or by holding a hot iron before 
the canvass; in cold weather also, the painting must not be 
exposed to a fire directly after a part of it is done, as it would 
melt and run, but it should be sufiered to dry for two or three 
hours, and then be brought to the fire to fmisli. To ensure 
the purity of the materials, the picture may be vamisbed with 
the same varnish made thicker; and when varnished, it should 
be dried as soon as convenient, by approaching the fire, avoid¬ 
ing a heat that would melt the copal. After this perfect dry¬ 
ing, no dirt or smoke will ever stick to the picture; but it 
may be dusted, or may be washed quite clean with pure water, 
ana will never change. 

Another copal varnish may be prepared as follows: Take 
the sediment of the first varnish, or fresh copal beaten small; 
cover it to about twice its height with spirits of turpentine in 
which camphor, in the proportion of an ounce to a quart, is 
dissolved, cork it up, shake it well, and put it ^ for a year, 
at the end of which time it will be dissolved. The first por- 
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lion that is dissolved thickens the spirits of turpentiae, and 
enables it to'dissolve the remainder; but if the spirits of tvr- 
pentine be too much dilated, the remainder will never dissolve, 
so that fit is easier to make thick camphor varnish than thin. 
It must not, however, be made too thick, but when that which 
is put by is thick enough, pour it off for use, and add fresh 
camplv>r and spirits of turpentine to the remainder, and put 
it by again till dissolved, which it will be in the course of 
time. If the mixture put by be wanted before the copal is 
quite dissolved, it may be put into a saucepan of cold water, 
with the cork loosened, and made to boil for an hour, stirring 
it thoroughly two-or three times towards the end of the boil¬ 
ing, and the solution will be finished. 

Small pictures may be painted on the finest mill-board glued 
to a deal frame; and care should be taken to prevent large 
pictures frou» swagging, by not allowing the canvass to be 
tightened afterwards, but cutting the picture off the frame on 
whielj it was painted, and then pasting it to very tight canvass, 
])rote<'te«l hy pannels from swagging and eventual cracking. 

A third varnish is quickly made by oil of spike-lavender, 
which is very good for drawings or prints, but will not do for 
pictures, as it will dissolve t(ie paint underneath, and run 
down while drying. 


Mf.iiiod of 1‘Kkparinc Ivory Paper, for the use of 
Miniature Painters. 


The properties which render ivory so desirable a substance 
for tfie miniature painter and other artists are, the evenness 
and fineness of its grain ; its allowing all water colours laid ou 
its surface to be washed out with a soft wet brush, and the 
•facility with which the artist may scrape off the colour from 
any particular part, by means of the point of a knife or other 
convenient instrument, and thus heighten and add brilliancy 
to the lights in his painting, more expeditiously and effica¬ 
ciously than can be done in any other way. 

The objections to ivory are its high price, the impossibility 
of obtaining plates exceeding very moderate dimensions, the 
coarseness ot the grain of the larger plates; its liability, when 
thin, lo warp by changes of the weather, and its property of 
turning yellow by long exposure to the light, ow ing to the oil 
which it contains. 
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The method of prepturiiig ivoiy paper, which combines the 
excellencies without the defects ot ivory, is as follows: Take 
a quarter of a pound of clean parchment cuttings, and put 
them into a twc^uart pan, with nearly as much water as it 
will hold; boil the mixture gently for four or five hours, add* 
iim water from time to time to supply the place of that driven 
off by evaporation; then carefully strain the licj^uor from tlie 
dregs through a'cloUi, and when cold it will form a strong 
jelly, which may be odled size No. 1. 

Hetura the dregs of the preceding process into the pan, fil* 
np the pan with water, and again boil it as before for four, or 
five hours: then strain off Uie liquor, and call it size No. 2. 

Take three sheets of drawing paper, (outsides will answer 
the purpose perfectly well, and being much cheaper, are there¬ 
fore to be preferred) wet them on both sides with a soft sponge 
dipped in water, and paste them together with the size Wo. 2. 
while they are still wet, lay them on a table, and place upon 
them a smooth slab of writing slate, of a size somew hat smaller 
than the paper. Turn up the edges of tlie paper, and paste 
them on the back of the slate, and iht^ii allow the paper to dry 
gradually. W^et, as before, tliree more sheets of tlie same kind 
of paper, and paste them on the others, one at a time; cut off 
with a knife what proiecis beyond the edges of the slate, and 
when the whole has become perfectly dry, wrap a small flat 
piece of slate in coarse saud-paper, and w ith this rubber make 
the surface of the paper quite even and smooth. Then paste 
on an inside sheet, which must be quite free from spots or dirt 
of any kind; cut off the projecting edges as before; and when 
dry, rub it with fine glass paper, which will produce a per¬ 
fectly smooth surface. Now take half a pint ol the size No. 1, 
meft it by a gentle heat, and then stir into it three tabic- 
spoonfuls of fine plaster of Paris; when the mixture is com- 

S leted, pour it out on the paper, and with a soft wet sponge 
distribute it as evenly over the surface as possible. Then 
allow the surface to dry slowly, and rub it again with fine- 
glass paper. Lastly, take a few spoonfuls of the size No. 1 
and mix it with three-fourths its quantity of water; unite the 
two by a gentle heat, and when the mass has cooled, so as to 
be in a semi-gelatinous state, pour about one-third of it oa 
the surface of the paper, and spread it evenly with the sponge 
when this has dried, pour on another portion, and afterwards 
the remainder: when the whole has a^in become dry, rub it 
over lightly with fine glass paper, and the process is com¬ 
pleted ; it may accordingly be cut away irom the slab of slate, 
and is ready for use. 
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The quantity of ingredients abore mentioned is sufficient 
for a piece of paper 171 inches by 164 inches. 

Plaster of Paris gives a perfectly white surface; oxide of 
zinc, mixed with plaster ot Paris, in the proportion of four 
parts of the former to three of the latter, gives a tint very 
nearly resembling ivory; precipitated carbonate of barytes 
giaes a^tint intermediate between the two. 

The sum of thirty guineas was voted by the Society for the 
Encouragement of Arts, &c. to S. Einsle, of Strutton-Ground, 
Westminster, for the communication of his method of making 
ivory paper, as above described. Specimens of the ivory 
paper were produced to the Society; they were about the 
ei^tli of an inch thick, and of superficial dimensions much 
larger than the largest ivory: the surface was hard, smooth, 
and perfectly even. It appeared on a trial of these specimens 
by some of the artists, members of the Society, that colours 
may be washed off the ivory paper more completely than from 
ivory itself, and that the process may be repeated three or 
four times upon tlie same surface, without rubbing up the 
grain of the*' paper. The ivory paper also, with proper care, 
will bear to be scraped with the edge of a knife, without be¬ 
coming rough. 

Traces made upon the surface of this paper by a hard black- 
lead pencil are much easier efi’aced by means of Indian rubber 
than from common drawing paper, which circumstance, toge¬ 
ther with that of the extremely fine lines which its hard and 
even surface is capable of receiving, peculiarly adapts it to 
the reception of the most delicate kind of pencil drawings 
and outlines. 

An artist of eminence in miniature painting (not a member 
of the Society) stated, that he has frequently used the ivory 
paper, and finds it to be superior to ivory itself in the white¬ 
ness of the surface, in the facility with which it receives co¬ 
lour, and in the greater brilliancy of the colours when laid on, 
qjving to the superior whiteness of the ground. Colours on 
ivory are apt to be injured by the transudation of the animal 
oil, a defect from which the ivory paper is free. 

Some highly respectable dealers in arawrng materials stated, 
that they had had samples of the ivory paper in their posses¬ 
sion for a considerable time, and that it did not appear to 
become yellow or discoloured by keeping. 
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Method or making abtificial Stone, and moulding 

IT AS A SUBSTITUTE FOB PoBTLAND>StON£ OhIMNEY- 

Pieces. 

Take two bushels of sharp drift sand, and one busheh of 
ftifited slacked ouickltme; mix them up together with as little 
water as possible, and beat them well up together for half an 
hour every morning, for three or four successive days, but 
never wet them again after their first mixture. 

To two gallons of water, contained in a proper vessel, add 
one pint of single size, made warm ; a ouarter of a pound of 
alum, in powder, is then to be dissolved in warm water, and 
mixed with the above liquor. 

Take about a shovelful of the first composition, make a hole 
in the middle of it, and put therein three quarters of a pint 
of the mixture of alum and size, to which ad<l three or four 
pounds of coarse plaster of Paris; the w hole is to be well 
beaten, and mixed together rather stifl’; put this mixture into 
the wooden moulds of the intended chimney-piece, the sirles, 
ends, and tops of which moulds are to he made of moveable 
pieces, previously oiled with the following mixture : 

Take one pint of the droppings of sweet oil, which costs 
about one shilling the pint, and add thereto one pint of clear 
lime-water, made by pouring boiling water on lumps of chalk 
lime in a close vessel till fully saturated ; when the lime-water 
becomes clear, it is proper to be added to the oil as above- 
mentioned, and the two fluids, on being stirred together, will 
form a thick oily mixture or emulsion, proper to apply upon 
the moulds. 

In forming the side or jamb of a chimney-piece, the mould 
is to be first half filled with the sand-lime and piaster compo¬ 
sition; then two wires-wrapped round with a thin layer of 
hemp, and which wires are nearly the length of the piece to 
be moulded, are to be placed in parallel lines lengthways, in 
the mixture or composition in the mould, and afterwards the 
mould is filled up with more of the composition; and if there 
is any superfluous quantity, it is to be struck off with a piece 
of flat board. 

The Kd or top part of the mould is to be then placed upon 
it, and the whole subjected to a strong pressure from weighted 
levers or a screw press. The composition is to remain under 
this pressure for twenty or thirty minutes; the precise time 
necessary may bie known, from examining a small specimen 
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of the composition reserved purposely to determine the time 
it requires to harden and set firm. 

The sides of the mould are to be hdd together by iron 
clamps ind wedges. 

The wires above mentioned enswer a double purpose, by 
giving strength to the jambs, and retaining the whole mass to> 
gather in case it should at any time be cracked by accident. 

The ^chimney-pieces may be made either plain or fluted, ac¬ 
cording to the mould; and when moulded, they are finished 
ofif by rubbing them over with alum water, and smoothing 
them with a trowel and a little wet plaster of Paris. 

A common plain chimney-piece of this composition is sold 
for seven shillings, and a reeded one for twenty-eight ,^hil 
lings, completely fitted up. 


Architectural Cement to resist the filtration of 

Water. 

The following cement, invented by Thenard, an eminent 
French chemist, has been used with great success in covering 
terraces, lining basins, soldering stones, &c. and it every¬ 
where resists the filtration of water; it is so hard that it 
scratches iron. It is formed of 

93 parts of well-burnt brick or clay. 

7 parts litharge and linseed oil. 


100 


Nothing can be more simple than its composition, or the 
manner of using it. Tlie brick and litharge are pulverized; 
the latter must always be reduced to a very fine powder; they 
Ire mixed together, and enough of linseed oil is added to the 
mixture to give it the consistence of thin plaster. It is then 
applied in tne manner of plaster, the body tliat is to be covered 
being always previously wetted. This precaution is indispen¬ 
sable, otherwise the oil w'ould filter tnrough the body, and 
prevent the mastic from acquiring the desirable degree of 
hardness. When it is extended over a large surface, it some¬ 
times happens to have flaws in it, which must be filled up with 
a fresh quantity of the cement. In three or four days it be¬ 
comes firm. 
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A nSS-PBOOF AND WATSR'PBOOP CbMKNT. 

To half a pint of milk put an eoual quantity of ▼tnegar, in 
order to curdle it; then separate tne curd from the whey, and 
mix the whey with the whites of four or hve eegs, bea^ng the 
whole well together. When it is well mixed, add a little quick 
lime through a sieve, until it has acquired the consistence of 
a thick paste. 

With this cement, broken vessels and cracks of all kinds 
may be mended; it dries quickly, and resists the action of wa 
ter, and of fire applied to vessels containing water. 


A Cement withstanding Sulphuric Acidf will be found at 
page 788. 


Method of preparing the celebrated Chunam of 
India, as practised at Madras. 

Take 15 bushels of pit sand, and 16 bushels of stone-lime; 
slake the lime with water; and when it has fallen to powder, 
miT the two ingredients together, and let them remain un¬ 
touched for three days. In the mean time dissolve 20lb8. of 
molasses in water, boil a peck of gramm (a kind of pea) to a 

e , boil a peck of mirabolans also to a jelly, mix the three 
jrs, and incorporate part of the mixture very accurately 
with the lime andf sand, so as to make a very fluid cement: 
some short tow is now to bo beaten very well into it, and it is 
Uien fit for use. The bricks are to be bedded in ns tliin ,a 
layer as possible of this mortar; and when the workmen leave 
off, though but for an hour, the part where they recominence 
working is to be well moistened with some of the above liquor 
before the application of any fresh mortar. When this is 
used for stucco, the white of four or five eggs, four ounces of 
butter or sesamum oil, and a pint of buttermilk, are to be 
mixed up with every hjjdf bushel of cement, and the oomposi ■ 
fiimi if to ^ appUea immediately. 
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A Vahnish for Metals resisting the coMBiNsr 
ACTION OF AIR AND ACID VaPOURS. 

Lampa(]ius, professor of cheAistry at Freyberg in Saxony, 
having remarked that the sulphurous and acid vapours which 
rihe from the furnaces for smelting ores, destroy in a short 
time the ordinary varnishes, and attack the metals used in the 
construction of buildings, studied to discover a coating which 
would resist their action. As it was necessary to oppose to 
the acids, a matter which they could not dissolve, he tried the 
metallic oxides of lead and zinc, when saturated with sulphuric 
acid. These oxides, from their desiccative quality, are well 
adapted to the composition of varnish, and are easily obtained. 
Sulphate of lead is prepared by mixing a solution of four 
ounces of acetate of lead in twelve ounces of water, with a 
solution of seven ounces of sulphate of soda in fourteen 
ounces of water. The precipitate obtained by this mixture is 
sulphate of lead, which is to be filtered, edulcorated, and 
dried. Sulphate of zinc is sold by chemists and druggists 
under the name of white vitriol of zinc. 

The method of preparing the varnish is as follows ; Reduce 
to an impalpable powder one ounce of plumbago, with which 
mix four ounces of sulphate of lead, and one ounce of sulphate 
of zinc, and add to it by degrees, one pound of varnish, pre¬ 
pared with linseed oil, previously heated to ebullition. This 
varnish dries quickly, and perfectly preserves from oxidation 
the metals coated with it* It has been employed with success 
to cover lightning conductors, and, after a trial of many years, 
has been found to answer equally well for roofs covered with 
lead, iron, copper, or zinc, which are continually exposed to 
the action of damp and of acid vapours. 


Account of Experiments on the utility of Salt as 
A Manure, and as a Condiment mixed with the 
FOOD of Animals.* 

On the value of salt as a manure the public opinion has been 
much divided; the advocates for the use of salt, reasoning 


• For this Essay, Dr. Edmund Cartwright of Woburn received the 
Gold Medal of the Board of Agriculture. 

62.-~Vol. II. 5 P 
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from the etriking effects of salt-water on the marshes, which 
are occasionally irrigated by the sea at spring-tides, conclude 
that the fertilizing virtue of such irrigation is owing to iu sa¬ 
line quality, without taking into consideration the quantity of 
aniiba] and vegetable matter which sea-water (particularly 
near the coast, and where rivers disembogue themselves,) 
must necessarily hold in solution. . « 

To determine the question, a soil* was selected well calcu¬ 
lated to give impartial results, from its containing no ingredi¬ 
ent (a small portion of oxide of iron excepted—about 7 grains 
in 400 of the soil) of sulBcietit activity to augment or restrain 
the peculiar energies of the substances employed. A certain 
portion of this soil was laid out in beds one* yard wi<le ami 
Forty long. The beds were planted with potatoes, a single 
row in each bed, and the same number of sets in each. Tu 
one bed no manure was used, to ten other beds a single differ¬ 
ent manure, and to other fourteen beds, the manures went 
mostly compounded of these. Of the single manures, the 
quantity used of each was. 

Of Salt, a quarter of a peck. 

Lime, one bushel. 

Soot, one peck, 

Wood-ashes, two pecks. 

Saw-dust, three bushels. 

Malt-dust, two pecks. 

Peat, three bushels, 

Decayed leaves, three bushels. 

Fresh dung, three bushels. 

Chandlers’ graves, nine pounds. 


* The soil was a fermri**** sand^r which bad been brought to a due 
texture aod coosistenc-e by a liheriU covering; of pond mud: , 

400 grains gave of siliceous sand of different degrees grain! 


of fineness, about.2Hl> 

Of finely divided matter, like clay.104 

Loss in water. 10 


400 


The 104 grams of finely divided matter oontabied of grains 

carbonate of lime ..... IB 

Of oxide of iron. 7 

Loss by inciiieratioii, most probably from the decmn- 

porition of vegetable matter. 17 

The remainder princ^ally sflex and alnmine. 
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When these manures were mixed, the quantity of each 
ingredient was the same as when used singly. The potatoes 
were planted on the 14th of April, 1804; on the 2l8t of Sep- 
tembeifffollowing they were taken up, and the produce of each 
row was in succession as foUovfs: 


^altand soot produced.240 

Chandlers’ graves.220 

Salt, wood ashes.217 

Salt, gypsum, peat, lime.201 

Salt, lime, dung.199 

Salt.198 

Salt, graves.195 

Soot.192 

Fresh Dung.192 

Salt, malt-dust ...189 

Wood ashes.187 

Salt, decayed leaves.187 

Salt, peat ashes.185 

Malt-dust .184 

Salt, lime, peat.183 

Salt, saw-dust.180 

Salt, peat, bone-dust.178 

Decayed leaves.175 

Salt, lime, sulphuric acid ..175 

Salt, peat. 171 

Salt, lime.167 

Peat.159 

No manure.157 

Saw-du.st.155 

Lime.150 


Tlte foregoing table furnishes many particulars worthy of 
observation. In the first pface, it is remarkable, that of 10 
•different manures, most of which are of known and acknow¬ 
ledged eflicacv. salt is superior to them all, one only excepted. 
And again, when used in combination with other substances, 
it is only unsuccessfully applied in union with one, viz. chand¬ 
lers’ graves, no other manure seemingly being injured by it. 
Possibly its deteriorating effects on chandlers’ graves may be 
owing to its antiseptic property, which retails the putrefactive 
process by which animal substances undergo the changes ne¬ 
cessary to qualify them to become the food of plants. 

The extraordinary effects of salt, when combined with soot, 
may not be owing to any known chemical agency of these sub- 
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stances on each other, but is perhaps attributable to the pro¬ 
perty of saline substances by which they attract moisture 
from the atmosphere. Those beds where salt had been used 
were visibly and palpably moister than the rest, even fo*^ weeks 
after the sait had neen applied*; and this appearance continued 
till rain fell, when of course the distinction ceased. This pro¬ 
perty of attracting moisture, had greater influence possibly oh 
the soot than on any of the other manures, as snot, from its 
acrid and d^ nature, may be supposed to require a greater 
proporUon of water to dilute it than those substances which 
contain water already. On those beds where salt had been 
used, the plants were obviously of a paler green, though not 
less luxuriant. It was observable also, that where salt was 
applied, whether by itself or in combination, the roots were 
free from that scabbiness which oftentimes infects potatoes, 
and from which none of the other beds, (and tliere were in 
the field nearly forty more than what made part of these ex¬ 
periments) were altogether exempt. 

From two sets of experiments made on a very poor soil, it 
appeared that a due texture and consistence in tne soil is as 
necessary to the health and existence of vegetables as the 
pabulum by which they are sustained ; those manures being 
the most eflScacious. which, in the soil employed, contributed 
to produce this texture and consistence. 

As a condiment, the eflects of salt were tried upon hogs, 
about a quarter of a pound per day being mixed with their 
food. It did not appear that the salt had any operation, either 
in promoting thirst or stimulating their appetites, the consump¬ 
tion of food being nearly the same whether salted or not, nei¬ 
ther does it appear that the salt had any influence on their 
fattening. The author observes, en passant, that for most of 
the internal disorders to which hogs are liable (and they may 
all be supposed to be more or less accompanied with fever) 
he has found no remedy tfb efficacious as antimony, in the 
form of emetic tar; from 6 to 40 or 50 grains may be given,' 
^ according to the age and strength of the animal, and probably 
lar^r doses may to perfectly safe. 

In f^ing the effect of salt upon cows, these animals had 
salt mixed with their hay, which was first slightly moistened 
with water, and then spnnkled with salt, of which they con¬ 
sumed about bale a pound per day. While they were thus 
supplied with salt, tney drank about three gallons per day 
mote than at other times, and they ^ave rather more milk; but 
when the meieased quantity of milk is balanced against the 
price of the salt, ^e dairyman will find himself no gainer. 
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As most if not all graminivorous animals, whether wild or 
domesticated, are known to eat salt with avidity, whenever it 
comes in their way, it is reasonable to suppose that the pro- 
pensiw Ims not been implanted in them in vain. Perhaps the 
use 01 salt w ill be found benehcial principally in contributing 
to the health of animals by aiding their digestion. 


On the efficacy of Buknt Clay as a Manvre, and 

AN ECONOMICAL MeTHOD OF BURNING LARGE QUANTI¬ 
TIES OF Clay. 

The following account of the efficacy of burnt clay as a 
manure, and of the method of burning it, is by the same author 
as the one of which we have last given a summary. It was 
rewarded by the gold medal of the Society for the Encourage¬ 
ment of Arts, &c.; and developes a system of agricultural ma¬ 
nagement, which to many extensive districts will be of so much 
consequence, that it cannot be too generally known. 

For some years past, says Dr. Cartw’right, 1 have been in 
the practice of using soot and wood-ashes, as top-dressings, 
but never to much extent, from the difficulty of procuring them 
in any c(msiderable quantity. In the spring of this year,(1819,) 
I was enabled to obtain soot to top-dress between five and six 
acres; part pasture and part arable, after the rate of 60 bushels 
per acre; and wood-ashes sufficient for the same quantity of 
ground, after the rate of 1(X) bushels per acre. The prime cost 
of the soot was 9d. per bushel; but as I had to fetch it from 
some distance, I calculate the [)rice of it, when brought home, 
at Is. per bushel. The wood-ashes were 4id. per bushel;^ 
but as they lay nearer home, I reckon the carriage at lid. per 
bushel, 'the expense, therefore, of top-dressing, with each 
of these articles, was the same, namely £2. lOs. per acre. 
'Jhe object of my experiment this year was, to compare burnt 
clay, soot, and woodf-ashes. 

With burnt clay I top-dressed about seven acres, after the 
rate of 20 cart-loads per acre, each cart-load being about 20 
liushels. I must here observe, that when I first began the 
burning of clay, I found it a very difficult and expensive busi¬ 
ness, but I have latterly contrived a method of performing the 
operation at a very cheap rate. It does not now cost me more 
than 9d. per cart-load, mel included, provided the weather is 
not unfavourable; so that the expense of this manure does 
not exceed I5s. per acre. 
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The soil on which those topniressings were Applied, was a 
cold, wet, tenacious clay. The crops on which they were tried 
were SwcKlish turnips, the common turnip, kohlrabi, turnip- 
rooted cabbage, potatoes, mangel-wurtel, oarley, anil beans. 

On the 15th September, I measured off 50 stjuare yards of 
Swedish turnips, under each top-dressing, and 50 square yards 
whidi had not been top-dressed. Their respective sveights 
were as follows: 


lb. toa. ««!. IK 

Burnt clay, - - 580 per acre - - 25 2 20 

Soot. - - - - 546.23 12 2 

Wood-ashes, - - 398 . 10 12 52 

No top-dressing, 235 ----- 10 3 12 


Taking the value of the turnips at only 5s. per ton, (and they 
certainly are worth more,) the ournt clay eyceeds the soot iu 
value of crop per acre 7s. 6d. by saving in prime cost £1. I5s. 
total £2. 28. od. The superiority of burned clay over wood- 
ashes is nearly 8ld. to tnc value of which, if the saving in 
prime cost is added, the superiority will be £3. 17s. 6d. 

The superiority of burnt clay over that which had no top- 
dressing, will, in money (deducting the expense of burning 
the clay) be £4. 7». 6d. 

I must here observe, that the great disparity between the 
tnmips which were top-dressed, and those which were nol, 
must not be attributed altogether to the fertilizing properties 
of the substances employed, but in a considerable degree U* 
the protection they afforded the young plants from the depre¬ 
dation of the fly. This will appear by the subseij^nt experi¬ 
ments OB the kohlrabi and the common turnip. The kohlrabi 
plants, destroyed by the fly, were replaced from a seed-bed. 
As the transplanting was' performed in a showery time, none 
of them failed.* The common turnip was sown during the 
same favourable weather, and escapea the fly altogether. 

On the 7th of October, 1 measured off 50 square yards of 
potatoes, top-dressed with burnt clay, 8tc. . The results were 
as follows: 


bub. peek*. 

Burnt clay, - - - 5 0 per acre, - 

Soot, - -- -- 4 3---- 

Wood-ashcs, - - 4 2 - - - - 

No top-dressing, - 4 0 - - ^ - 


ba*b. 

480 

456 

432 

340 
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On the 4th of November, the results of similu’ experimmits 
on kohlrabi, were as follows: 


lb. toft. owt. Ib. 

Burnt clay, - - 160 per acre - - 6 17 26 

Soot. - - 138 ----- 3 18 32 

Wood-ashes,- - 114 - - - - 4 17 30 

No top-dressing, 93 - - ---4 7 48 


In my experiments on Reynold’s turnip-rooted cabbage, 
and on inangel-wurxel, I was completely defeated : of the for¬ 
mer I had the seed by me for many years, and it had outlived 
its power of vegetating, and the mangel-wurzel had never 
acquired that power, the cold wet season of last summer not 
sun’ering it to ripen. 

Having only half an acre of barley, I divided it into four 
equal parts. Not having conveniency in my small bam to 
keep tne produc? of each by itself, I kept an account of the 
number of sheaves that each part produced. When the whole 
was threshed* out, I divided the grain that it yielded, which 
amounted to two quarters, into four parts, proportionate to 
the number of sheaves reaped from each division. 

thrsTes. bash, pecks. qr. bash. 

Burnt clay, - 126 - - - 4 2 per acre - - - 4 4 

Soot, - - - 121 more than 4 1 rather more than 4 2 

Wood-ashes, 117 less than 4 1 rather less than 4 2 

No top-dressing 84 - -- 30 - -- -- 30 


It must be observed, that the barley was sown in alternate 
rows with beans, so that, in fact, the space occupied by the 
barley ought not to be reckoned more than a quarter of an 
acre, as one-half of the ground produced a crop of beans. Of 
the result of the experiment on the beans, I am not able to 
speak, as when put into the barn, they accidentally got 
mixed with others. 

November 7th. The result of the experiment with common 
turnip was as follows: 



Ib. 

toa. 

cwt. 

lb. 

Burnt clay, - - 

296 per acre, - 

- 6 

7 

64 

Soot, - - - - 

292 - - - - 

- 6 

6 

36 

Wood-ashes, - - 

293 - - - - 

- 6 

6 

36 

No top-dressing, 

276 - - - - 

- 5 

16 

76 
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Wbv the result of this last experiment should vary so mucli 
from the preceding ones, I am at a loss to conjecture. Had I 
not paid the most minute personal attention to every individual 
part of the experiments, from their commencement to^tlie final 
measuring oft and weighing 4he produce, 1 might suspect, in> 
deed, that my directions had been deviated from or neglected, 
but as this could not possibly have been the case, the ijesulhof 
this last experiment must be set down as one of the many aho 
malies that are perpetually arising to baftle human ingenuity.* 

Of the experiments on grass land, 1 had no convenient way 
of judging, but by the eye. As far as the eye could decide, 
the burnt clay was, without €]uestion, the superior; and the 
soot, as in all the other experiments except the last, was evi¬ 
dently more powerful than the wood-ashes. It is singular, that 
in the neighbourhood where 1 reside, (near Tunbridge) tlie far¬ 
mers hold soot in very light estimation, but have a very high 
opinion of wood-ashes; an opinion which these experiments 
may tend to rectify. Burnt clay, it will clearly appear hy 
these diversified experiments, has tiie most decided advan¬ 
tage over the other two substances in every respect: its imme¬ 
diate eftect is greater, its original cost is less, and in durabi¬ 
lity it admits not of a comparison. It is universally admitted, 
that wherever burnt clay has been applied on a cold, wet, ad¬ 
hesive soil, it makes an immediate alteration in the texture of 
it, rendering it dry and friable, so as to admit of its being 
worked at umost all seasons, i gave a dressing of burnt clay 
to a small piece of ^ound, between seven and eight years 
ago, the eftect of which is visible to this day, and probably 
will be for some years to come. 

Burnt clay has been used as manure in Ireland with the 
CTeatest success for at least a century past; lias been intro¬ 
duced into Scotland with equal advantage within the last ten 
years; and it is now b^inning to get footing in England, 
where this exposition of fSets, in proof of its utility, will, it is 
hoped, accelerate its adoption. As soon as its use is uniyer 
tally established, we may date a new, and indeed, a brillianl 
era in the history and progress of British husbandry. This is 
not said at random, but front a confident persuasion, in which 
the opinions of some of our best agriculturists will bear me out, 
that die judicious application of burnt clay, on soils to which 
It is adapted, will in a few years double their present value. 


* Dr. CsttWifid*^ had afterwards reason to snpposo that the anomaly 
wldeh so iBBtdi surprised him, was in oonseqocneo of thinning tlio 
^ lirop reerived fiuai me depredations of gipseys or oftier vagabonds. 
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When I first began to burn clay, which is now three years 
ago^ 1 followed such printed directions as 1 met with in difler- 
ent publications on the subject. I never, however, was able to 
accon^ish my object but at an expense greater than what I 
could have purchased stable manure for. I determined, there¬ 
fore, to try if 1 could not burn it at a cheaper ra«^p.—After a 
v^iriet^ of experiments, which'it would be useless to detail, I 
adopted the following method:—I had a trench made, about 20 
feet long, three feet deep, aj»d as many wide, w ith sufficient 
fall for taking oft' the v%'ater. At the upper end of the trench, 
and resting on its sides, a brick arch was turned, about 9 or 10 
feet long, having openings for letting the fire through to the 
clay. These openings were made by leaving out half a brick at 
proper intervals. In the front of the arch is a strong wall two 
bricks thick, which has its foundation in the bottom of the 
trench. This wall, which is two feet wider than the arch, rises 
about a foot above it, through which there is a mouth to the 
arch about tw o feet wide. 1 he whole erection w ill not require 
above 5 or fiOO Cricks, and no lime, except for the front wall. 
The arch will be best laid in loam or pucidle of any kind. 

In setting the kiln, care should be taken, especially at the 
commencement of the business, to lay the sods, or lumps of 
clay, hollow', that the fire may draw’ through freely. When the 
pib* is about two feet thick upon the arch, the fire should be 
lighted, and a sod wall made round the kiln, which may extend 
about 2 feet wider than the arch, w hich will be supported in 
front of the brick wall. The sod wall will not be above 3 or 4 
feet high. As the ignition proceeds, fresh clay must be added, 
still letting it lie as hollow as conveniently may be. When the 
heap is between four and five feet high, and burned through, 
the fire may be sufiered to die out. Clay, however, may still 
be added for a day longer at least, and the more crumbly part 
of tlie clay may now be used. Two men, at 2s. fid. per day, 
and a boy at fid. per day to attend the fire, in 2i days burned 
35 good cart loads, the fuel consumed was 175 furze faggots 
^t 5s. per hundred j the expense therefore stands thus: 

Labour,.£0 140 

Fuel,.. . 0 89 

Towhich may be added a donkey and cart two days, 0 3 0 

ZT 5 9 

I need not observe, that the divisions of the arch, &c. are 
merely arbitrary. My farm being a very small one, small kilns 
62.—Voi.. tl. 6Q 
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answer inv pttrfiose. I mean to have two, that one may be at 
work while the other is cooling. I may further observe, that 
the ciHisumption of fuel will of course be regulated by the 
state of the weather. Those who do not chuse to go tcrthe ex¬ 
pense of a brick or stone arch*, may make one of sod or spits 
of clay, (but in this case they must be perfectly dry, or else 
they will not support the superincumbent weight.) Tnei.’ent.'e 
for this kind of arch is thus made:—Lav four or five strong 
stakes across the trench, and upon these lay faggots, in a cir¬ 
cular form, to build the arch upon. When the work is finish¬ 
ed, tlie centre of faggots is set fire to. Though a trifling ex¬ 
pense is tJius saved in the first instance, a brick or stone arch 
will be found in the end cheafier, ns the sod or clay arch must 
be renewed every time. 


Meriion of l•yRl^•vl^c Coas, when tainteu with 

Must. 

The following very simple and efiicacious mode of purifying 
corn tainted with must, was discovered by Charles Hatchett, 
F. R. S. 

Put the wheat into any convenient vessel capable of con¬ 
taining at least three times Uie i^uantity, and the vessel must 
subsequently be filled with boiling water; the grain should 
then be occasionally stirred, and the hollow and decayed 
grains (which will float) may be removed. When the water 
has become cold, or in general when about half an hour has 
elapsed, it is to be drawn off. It will be proper then to rinse 
the corn with cold water, in order to remove any portion ot 
the water, which had taken up the must; after which, the 
com being completely drained, is without loss of time to be 
thinly spread on the floor of a kiln, and thoroughly dried, 
care oeing taken to stir and turn it frequently during tliis 
par^ of the process. 


New Method of making Bread. 

New flour which has not been perfectly harvested, will not 
it it well known, make light and wholesome bread. For this 
defect, an eminent chemist, Edmund Davy, of Cork, has dis- 
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covered a corrective, which promises, after unfavourable sea¬ 
sons particularly, to be of great importance. It consists in 
mixing intimately with each pound of the flour, from twenty 
to fort^ grains of the carbonate of magnesia of the shops. 
Not the slightest danger can bo apprehended from the use of 
such an innocent substance as carbonate of maKuesia in the 
small proportion requisite for this purpose, and it produces a 
V(!ry remarkable efl'ect in improving the lightness and taste of 
the bread. 


Ov BURNING LiMT WITH PeAT. 

From a conumuiication by- Dodgson, of Grahamonset, 

in ('umbt rlund, to the Hoard of Agriculture, it appears that 
the quickness of the process of burning lime with peat is sur¬ 
prising, for in tAvelve hours after putting fire to the kiln, the 
lime is n adv to draw; in burning with coal, none can be drawn 
for two or tiiree days; and nearly double the quantity of lime 
is pioduced every succeeding day that can be with the use of 
coal, owing to the peat keeping the limestone in an open po¬ 
rous state, and admitting a brisk circulation of the air. For 
the same reason, the limestone cannot be run into a solid 
lump, by excessive heat, as sometimes happens with coal. 
Peat only half dry, w ill burn lime as well as when thoroughly 
dry, only the process of burning is a little slower. 


On the Prevention of the Dry Rot in Timber. 

, Gavin Inglis, in some observations on the prevention of dry 
rot. concurs in opinion with others who have recently published 
the results of their experience on the subject, that timber, espe¬ 
cially for ship-building, ought never to oe cut till after the fall 
of the leaf, when it contains the least sap and moisture. He 
further observes, that in examining masses of oak, dug from the 
alluvial strata of the country, where it has lain for ages, many 
of them are found fresh and sound as they could have been on 
the day they were overthrown. In these cases, the timber is 
uniformly as black as ebony, and obdurately hard. Having 
been led from curiosity to examine chemically several of these 
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old trunks, he found them to contain a far j^ater proportion 
of iron than could be supposed to ha^'e existed in the natural 
state of the tree. 1 o this extraneous iron may be attributed 
the incorruptibilitv of antediluvian timber; and it iniut have 
been supplied by the ore of the soil, or from chalybeate waters; 
in tliis state of solution, it would penetrate the substance of 
the wood, unite with the astringent principle, and produce 
not only the black colour, but such a density of texture u» 
almost to resist the sharjn-st instrument. The same means 
will season new timber, and render it {»roof a;^ainst <lry rot, 
that will cure old ; namely, the apnlicutum of iron in a state 
of solution. This can be id>taiiied, at a coniparativelv small 
expense, from a solution of sulphate of iron (>;reen c<»pperas) 
in which the wood must he soaked till it has a( fpiireil 
the colour of new ink. Thi^ wouhl completely couuieract 
every veg^etable principle, and cttuiinnm<‘ate dnrabilitv and 
firmness of texture, with the additional advanta'^e. that the 
sulphur of the solution, penetrating the substance of the plank, 
would defend it from the ravages of insects. 


Xew Methods of making single Mickoscoi'f.s of Gi.ass. 

The following methods of making single iincroscones of 
glass, are the invention of Thomas Sl\right, F. H. S. K. 

Take a piece of platinum leaf, about the thickness of tinfoil, 
and make two or three circular holes in it, from one-twentieth 
to onC’tenth of an inch in diameter, and at the distance of 
half an inch from each other. In the hides put pieces of glass, 
which will stick in them without falling through, and which 
are thick enough to fill the apertures. When the glass is 
melted at the fiame of a candle with the blowpipe, it fonns a 
lens which adfieres strongly to the metal, and the lens is 
therefore formed and set at the same time. The pieces of 
glass used for this purpose should have no mark of a diamond 
”Or file upon them, as the murk always rcinuins, howe\er 
strongly they are heated with the blowpipe. An eye or loop, 
made by bending the extremity of a platinum wire, may be 
used instead of platinum leaf. 

The lenses wiiich were made larger than one-tenth of an 
inch were not so good as the rest, and the best were even of 
a smaller size than one-tenth. They are produced with great 
facility, and it is advisable to make a greater number than 
may be required, aelecting only the best to be kept for use. 
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Platinum is infusible at the heat required for the perfect 
fusion of glass; it may therefore be used very thin for this pur¬ 
pose ; and as it does not oxidate, the glass adheres firmly to it. 

PlaiiMronvex lenses may be obtained by fusing with a 
strong heat, a fragment of glass resting upon a polished plane 
of topax, obtained by the fracture of tliat stone. A blowpipe 
urged \{y common air only is required; one supplied with 
ox}^gen gas would act upon the topaz. 


Indei.iulk Ink iok marking Linen 

The purple precipitate of Cas.sius (see page 3G7 of this vol.) 
IS used in Italy as an indtlible ink, which is recommended as 
much superior to that of sil\er. Tliat [lart of the linen o^ 
wliidi the writing is to be, must first be moistened with a so¬ 
lution of recently made muriate of tin, and when dry the writ¬ 
ing IS to he done with a solution of gold, and then washed in 
water. The writing, which will become black, is not at all 
aHet ted by wasliing, and with great difficulty by other agents^ 
and not before the cloth is destroyed. 


Method of preparing incorruptiiile Writinu Ink. 

The following directions for preparing incorruptible writing 
ink, are given by Van Mons, an eminent foreign chemist, and 
the discovery is certainly one of very considerable merit. I 
have succeeded, says he, in depriving ink of its principle of 
<iorruption, by infusing the gall-nuts in common beer vinegar. 
They are to be broken into coarse powder, and infused for two 
or three days in a retort closed with a piece of paper. The 
infusion is then passed through a woollen sieve; the residue 
washed in cold water, decanting all that remains suspended 
in tlie water; the latter portion is then to be infused in the 
same manner in pure water, and both infusions are to be mixed. 
The whole is to be heated for an instant, and then allowed to 
subside for twenty-four hours, when it is to be filtered again; 
gum and sugar are then to be added, and wheli they are dis- 
. solved, the whole is to be once more passed through the sieve. 
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The ink is then to be mixed with the oxide or red sulphate, 
but neither the acidulated nor oxidulated sulphate ought to 
be used. The whole being shaken, may be put into a stone* 
bottle, and corked with a paper stopper. m 

Kot only is the ink tlius obtained prevented from corrupting, 
but it loses another bad property, namely, that of thickening. 
The acid of the vinegar is combined as a mucous kiii4 of ace¬ 
tate, with the mucilaginous matter, and precipitates it; the 
vinegar is very much softened in this iniusiun by the con¬ 
nexion which its acid parts form with the mucus. The thick¬ 
ening of the ink arises from the sulphuric acid rendered 
free, precipitating this body. The mucus of the gum arabic 
scarcely undergoes this change at all. 

For the proportions of the ini;redients in writing ink, and 
other particulars not mentioned in this general account, we 
refer to page 781 of this volume. 


Yellow Sympathetic Ink. 

At page 784 of this volume, we have given some of the besf 
processes for preparing what are fancifully denominated sym¬ 
pathetic inks; the present article will make a curious addition 
to the number. 

Dissolve an ounce of sulphate of copper, and another of 
muriate of ammonia, in six ounces of water, diluting the solu¬ 
tion gradually with more water, till it ceases to leave a visible 
trace upon paper after having been suffered to dry. 

Writing executed with this ink is invisible when dry, but 
appears of a beautiful yellow by heating the paper, and dis¬ 
appears when the paper is cold. 


Ignited Wikb Lamp. 

Sir Humphrey Davy, in the course of his admirable re¬ 
searches on flame, discovered a peculiar state of combustion 
at a heat below that of flame. 

A coil of platinum wire, about one hundredth part of an 
inch in flhickness, and containing from eight to fifteen or six¬ 
teen turns, is dropped on to the wick of a spirit lamp, so that 
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pari touches the wick, and part remains supported above. On 
mowing out the flame of the lamp, after it has been lighted, 
the wire will remain ignited, and continue so as long as any 
spirit remains below. 

It has been ascertained that Camphor may bl!^ substituted 
for the alcohol, by introducing p. cylinder of it iffplaiCe of 
wick; the ignition is very bright, and a pleasant odorous 
vapour arises from it. 

Spirit of turpentine in the lamp also succeeds. The wire 
does not remain ignited; but the continuance of the effect is 
marked by the ascent of a dense line of vapour, which rises 
from the wire, and diffuses an odour by some thought agree¬ 
able. 


Effects of Vapour on Flame. 

J. F. Dana, chemical assistant in Harvard university, and 
lecturer on chemistry and pharmacy in Dartmouth college, 
hiis published in Professor 8illman’s journal an essay on Uie 
effects of vapour on flame, affording hints well deserving the 
notice of practical men. 

When a jet of steam issuing from a small aperture, is thrown 
on burning charcoal, the brightness is increased, if the coal 
be held at the distance of four or five inches from the pipe 
through which the steam passes; but if the coal be held nearer, 
it is extinguished; a circular black spot first appears where 
the steam is thrown on it. The steam in this case does not 
appear to he decomposed, and the increased brightness of the 
coal depends probably on a current of atmospheric air, occa¬ 
sioned by the steam. But when a jet of steam, instead of 
being thrown on a single coal, is made to pass through a 
charcoal fire, the vividness of the combustion is increased, 
and the low attenuated flame of coal is enlarged. 

When the wick of a common oil lamp is raised, so as to 
give off large columns of smoke, and a jet of steam is thrown 
into it, the brightness of the flame is increased, and no smoke 
is thrown off. 

When spirit of turpentine is made to burn on a wick, the 
light produced is dull and reddish, and a large quantity of 
thick smoke is given off; but when a jet of s|eam is thrown 
into thi| flame, its brightness is much increased; and when 
• the experiment is carefully performed, the smoke entirely 





862 


APPENDIX. 


M«(kod of prooenriag vofotiMo romoiitet. 


disappears. When the vapour of spirits of turpentine is made 
to issue from a small orifice, and innamed, it bums, and throws 
off large {quantities of smoke; but when Sijet of steam is made 
to unite with the vapour, the smoke entirely disappears^ When 
vapour of spirit of turpentine and of water are made to issue 
toother from the same oriftpe, and inflamed, no smoke ap¬ 
pears. Hence its disappearing, in the above experiment, can¬ 
not be supposed to depend upon it current of atmospheric air. 

When a jet of steam is thrown into the flame of a spirit-of- 
wine lamp, or into flames which evolve no smoke or carbonace¬ 
ous matter, the same effect is produced as by a current of air. 

It appears from these experiments, that in ail flames which 
evolve smoke, steam produces an increased brightness. Now, 
with a very simple apparatus, steam might he introduced into 
the flames of street lamps, and into all flames which evolve 
much smoke. The advantage of such an arrangement would 
be, a more perfect combustion, and a greater ouantity of light 
from the same materials. The flame of tlie lamps to which 
■team is applied might be made to keep the water boiling 
which supplies the steam. 


Method of fbesehving Vegetable Remedies. 

Let the fresh herb, intended to be preserved, be collected 
fiec from dew, and having rubbed the leaves into the finest 
pulp, let them be formed into a moderately consistent mass, by 
the addition and careful intermixture of white sugar, or dried 
soap. In this manner the vegetable may be long preserved, 
and the advantages are obtained of administering it throughout 
the year in its pristine state, and without previously subject¬ 
ing it to any operation, or to the fluency of any substance by 
which its properties m^ be enfeebled or destroyed. This 
process is proposed by Dr. Marshall Hall, who has suiicest- 
fully applied it to the preservation of the plants,—digitalis, 
eicula, nyoscyamus, &c. 
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. . . — definitions ob terma ap¬ 
plied toGreoian, L ......171—173 

_... -- — Engtiafa division of the 

•tylei of, i... 129 


Page 

Arrliitecture, Grecian and Englisb 

contrasted, i.. 106—107 

-biatorica) view of, L ... 127 

—129 

--terms used in Eoi^iBh, 

enumerated and deft'ied, i. 1341-—133 

Arris, explanation of, i. 28 

Arsenic, oxide of, its sim{>le elective 

attractions.521 

-pbosphoret of,...400 

-properties and alloys of,.... SttH 

—400 

-simple elective attrarUons 

of . ,521 

-Sttlplinrct of,.40(1 

-to detect in nine. 821 

Asbestos,. * .46(i 

-chiefly silex. 451 

Ashes, bone, use of in mortar, i.203 

-bone, used for in-door stucco, 

to render iaihwork nnnecessary, i. 207 ^ 

-coal, as mnriure. 612 

-segetalile, as manure.608 

Ash, limtier of, i. 87 

Asteroids, i.510 

Astringents,... 530. 533 

Astronomy, abstract of, i. 624—626 

-definition ot, i.505 

——-defiiiilions of lerins used 

in. i.510—513 

-- riue and progress of, i... 605 

—509 

Atmosphere,. 1 

-elasticity of the, e<|aal lo 

compressing force. 9 

-rarity of the, at different 

altitudes,. 3 

-visible electric,. 224 

Atoms, ultimate theory of, i.271 

Attiactioii, abstract of essay on, i. .. 397 

-capillary, i.275 

-chemical.. 303—305 

-electric, lo show, .. 221—223 

-magnetic,. 164 

-various kinds of, i.275 

Attractions, coniparNtive, table of,.. 526 

-coinponad, mode of e\- 

liibiting. .. .525 

-simple elective,.507 

-— simple elective, tables 

of,.508-524 

Anger, diflerent kinds of, i..,. .113—114 

August, gardener's business in,.690 

—601 

Aurora borealis, artificial.221 

— -' its outuiexion with 


eleetricity,.. 251 

Axe, brick, i. .. .6... 196 

-etige of, 1 .104 

—— pick, i. .. 19 k 















































































8G6 


PANORAMA OF 


lkd«x. 


Kxi», rntbUioB of tfa* «uib'*, iu 
-of a kaa, i.. 



4JH 


B 


Italanro, ««aHi|;4es of Um accomrji ub- 


tsiacd in aMiJua|(, i...... .404—405 

-proportios of a Rood oi>«>, (■ 

SOI -SOS 

Balloon*. a*c««d(iig power of,.ISO 

-attempU lo Ruidr, at>or> 

U»e. ISO 

..—— ■ rofiKtructklh and mode of 

filling.160—ICS 

-rfloctof obocrtiof tboOigUt 

of.. ICO 

BalwwM.406 

* ikutd, moUllir, n»cd to connoct *tone- 

work, i.... 3E21 

Bank, for a lathe real, rarini lo the 

motk, I...... 04 

Banker, .. 1I4S 

Bartcif, caiture of.. ..OSS 

Barnwelrra, cummoe, ..S5—SO 

-diagooal,. SO 

.— ithrnomroB of,.S4—5H 

-portable,............ SO 

-wbcei. 89 

Barjtra, ...................4S7*~~4S0 

— aimple elcolirc aUraeikma 
of..611 

Baaalle*,...460 

BaaH, of edge tool*, i............. 101 

BaUerie*. gidtaaic, e o ai b ina t ioo of... S77 

Omtlerf, electric. ... . SIS—S14 

-galraaic... 876—276 

Battleiueot*, t.. ICO 

Beana. .. 6S4 

Beech, bow aeaamied. t........... M6 

- . . - it* propertie*, i. ,. • .. .•66 

Bell, diving......!»—lOS 

Bell-inrtal, .. 4S 

Bellow*, common, anawer for a Idow* 

.. pi|**‘i.*. 

——forge, i.... 14 

—bjdraaiic, .....122—I2S 

- - h/droatatic, .. 7H 

Boael.L...111*. 1»8 

Bimi, hotlMiMe,.. 666 

Birdi'Wrood. ita vaea, L... 86 

.. ...» 496 

Bitila, Id pretorr** • .. 823 

Bmuntb, Rower*..S08 

-nag Mleyy of^i.*98 

oatdeaf, it* •ini}ii« elective 
•UntctiOB*,... 621 


Page 

Biamath, pliiM|A«r«t of. ..SOB 

. .— proportiea and aliojr* of,.. S97 

--aimple elective attraeiHMa* 

of.... 621 

.. . Milpkaret of,...... fir,.. S9*i 

Black, to ataan wood, ............ 816 

BlaaUiig, auapie tnetlmd of. Car wood. Kljf 

..Bleerlung...666—6(4 

-BUtrluiM for.* .. ^9 

Blight, in frail-lreea, chief eaa»e of, * 

aatl defence agaiaai.C0(» 

Block, chopping, i. I9.S 

llhvod.600 


-black MfioU rendered like, i.. - 416 

Blowpipe. SI6 

Blae, to atain wat»d.HIS 

Board, drawing,.(MtH 

Board*, floortag, qaalitie* of, i.S.<H 

_ —.— mode of jointing, i.. . SSn 
Boat, muicliicf of people riting up wi. 

wbralikeij lo bvoverael, i.2UI 

Oodie*. colotir* of, ucra«ioa<id bv the 

light thej reflect, i. 413 

- beat col), their apparent wmv- 

tiucK, I...613--616 

Bodjr, aignihcaiion of, I.IMHi 

Bond, brick, FimiMli nod Engiiab, i. . 

809-313 


Bone*, cbemical compoMtion of, 466. 49(1 

-a* manure,. ... 605 —606 

, —— to prepare pbcwfibum* from, S6H 
Hook*, to lake gfeam; out of the leave* 

of.HiO 

Bool*, to render waterproof.HS3 

Borate*.<176 

Borga, «re *od«, *ii6-6oralr a/. 

Boring, machine for, i...... 19 

BuKle, emptf glaa*. broken if nunk 

deep in water.. 73 71 

-lietr or match.HS4 

Boxwood, iu use*, i.. ... 90 

Br***, differeai profMirtion* of cojvper 

and oalantiae to form, i.. 48 

.. .. lac<|uor for,..797 

-magnetised bj baruniering, i. 4S 

- - aoldcr for, i.. 61 

-to gild.. 799 ' 

. . - ■ " to ailver... 806 

Bread, new method of making.866 

Breccias,...463 

Breeaen. cauee of the tropical land 

aodaea.. 47 

Browtag, defiailioa «f..6*>6 

— ..—- vp*acl* u*ed ia,.6<i8 

Brickmakuqt, atetitl** raopectiog, i, 


101 — 198 


Bricka, advMtagea of, I* hailding. i. 8l(i 

..— Cartwright's patoot, i.. 187—188 

-earth for, I.... 188 

. .——■ eacellcsctt of ancient, i.... • 182 
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8C7 


lodes. 


Pege 

Briciu, eflVct of in rendertiig water 

noaiona, ( note) i. ItH )—101 

-eaperimeiU reaperling, i. ..104 

.. iueUtod of aoalraing the earth 

deaiflied for, I.. ......IHO 

-node of making, i.... .104—lOfl 

—15 -(dan to |>revent wa«le of, i... 109 

- (|ttantitj ohtatned from a fool 

• dep^i of an acre, .. IH7 

—•-watering of, when iwod, i... 20(5 

llrii'k trowel, 1 . IIW 

Krifk-woik, iiieMureinent of, i.21(5 

-new , |iTC»eri ation of from 

froAi, i.254 

Itndge, arrii «f, often a gCKHi atation for 

taking tliF force of a atream, i.. . 417 

llridgcft, breadtJi of, i.240 

-hiatorical nulicea ofianouA.i. 249 

— 255 

.—. . atone, terms applied to, and 

inode of tiuildiog, 1 .227—240 

Rroii/e, t... 44 

Itroii/jiig. 012 

(jruoli, used lit n lallie, 1 . 44 

Itiirk-wln-at.(idl 

tliiildiiigt, HI eiiritt ol fioiu liglit- 

iiiiig... 250—259 

Hiiiileiiii, larvae, nit of rarrjl(i)<, 1 .411 

Ituli.r,.(541 

Itiiiiil ' Int HH a luiuiure,.04 5 

lliii iiih1ii-i . eiii'rat eiH,.7(50 

i... 4G 

IliilIrcHHeit, ill i-iirated, i'iiigliHh, i. i 19 

- - cjiilt I'ingliHli, i. 112 

-- peipeiuiiriilai CngliHli, i., . 14(5 

-Nurinaij, I...... 137 


(• 


Caldingen,,......(537 

CaisHoii, i. ..231, 234 

Cake, rape, its iiiiiiiure.(55)9 

^'aleinntion.299 

Calender, tlit* gardeiiiT a.(5H0—090 

Calorie. 333—312 

-cause of nuidily,..334 

-oomparative eflVcta of in ex¬ 
panding »«trn different mrtala,. 337 

-condiieted hy dilferent Ixtdiea 

diflcrenllv. 33(5 

-diapoailioii of lo aacond.310 

-efi'fcts of in clianging the pro¬ 
perties of bodies,... 342 

-increase of, diminishes Uie 

weight of btunes,... ' 340 

-its eflVcts iuespaiiding (judics, 337 


Pago 

Caloric, latent or aenailde,.... 333—334 

-({uanlitjr elicited bif friction, 341 

— -reflection of,.341 

-simple elective aUractions 

of,. 408 

f-spcoiiic. 33H 

Camera ubscura, how formed, i.4(iG 

, —1158 

Camphor.494 

Caoiilehouc,.49ti. OW 

Carbon, combinalioiiH of with iron,.. 344 

-duunomi tlie piirent,.343 

-relation of to eliaiioM),.343 

Carbonates,.340. IT.'i 

Card, to pierce b> eleclriciiv.!, 22(5 

Carnclion,. 103 

(;arriuge.H, wheel, abstract of essay 

on, i. 404 

-Imt of traction 

for, i.3(58—3(59 

Carrots.030 

Cfirl-viheel, use of in drniuuig,.C502 

Case-lmrdeutiig, luelliod of jMfrforni- 

iiitr. i. K 

CsHt-iron, Misceplible of being liaid- 

ened like steel, i. 10 

Cattle, neat...(>4.>—(540 

Cedai, its uses, i.,. S8 

Ceniriiiatioii. 299 

-copper bv,.382 

Cement, blood,..784 

-fiir electric uses, coiupositiou 

of,.2tt7 

-for glass.7Wi 

-hre-proof and water-proof,. . 787 

—81(5 

-for iron vessel.s.785 

-one to resist water,... 787—845 

-to withstand siilpliiine acid, , 788 

Cenients, for stone,...785 

--turners’,.788 

Centering fiir bridges, on suspending 

b) chains, i.287 

Cl lit re. iliagneUc,. 1 titi 

Ceres, pheiioiiieiia of the planet, i. . . .541 

Cerium. 452 

Chalcedony,.403 

Chalk,as manure.(ilO 

-engraving in,.77t5 771 

-grasses tit for.<520 

Chalks, drawing. 702 

Chamber, darkened, applied (o illus- 

tiate jierspective. 704--7(50 

Chapel, Roalyn, its singuiaritv. i.... 104 

ChnrcuaJ, abaorption of gases bv,.. 353 

-— o4llbastioii of in oxygen, 310 

-neutraliwes putrid matter,. 345 

-preparaBnii of,. 343 

-to use in cutting glass,.. 818 

--unchangeablcucss of, . • •. 344 
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PANORAMA OP 


Indffn. 


CliMcokl, iu« of. for erariblM . 8:^ 

-OM of, in dnwui^,...... 701 

C^lMwse, MMoeot frooi, ... 7(j7 

—lo mke, ...Ml—-009 

ClMwiMry, dofioitioo of..991 

-- —. octroi of,.. 3l91f 

C'Wnrr-trec, it* »*««, i.... Ml 

Ckovaot, its «»e*, i..0fi~-07 

CTiituiejs, cotaiuo* c«uit« of tlivir 

Mooking, i..,... 940 

-to |»ror«rol or letiwMi ihrir 

satoWing, L.946 

-mode of »wer|Mng with 

hmsbe*. i.917 

China, cold cements for.7M} 

-to cement nilli ftlass,.7t»<J 

('hipitiag of cast iron, .. 17 


form of rkisel 


proper for, i................. 17 

Chisels, sometimes used to cat iron, 

instead of shears, i. .......... 16 

-for working ta wood, rarioo* 

kinds of, L..... . 119 

-masoo*', i,.917—916 

-taroers*, i. 67 

Clirataiom..411 

Chueki. ooiMtroelioR of. i..66—61 

(ttranam, method of prepaiiog.646 

Cinnabar, .. 969 

Circle, ecesmtric, { matf) ... ..194 

-perspectii« of,. 719 

Circles, diiisiou of the circamfereoeo 

of.i.a»9~365 

-galranie. 9H1 

Claj, as maoaro,.. 619, H.’ll 

-grasses fit for.. .690 

—— pyrtme^r pieces of,.....991 

-rotatioa of c»t»|>a for,.691 

Obnato, its edeet on the biulduig* of 

aonantry.i.. 195—126 

Cioeks, bow contrived to go whilst 

winding op, i... 962 

-tarnish for fioie* af,..792 

. watch-part of, doacribed, i... ITO 

969 

dockmakers’ drills, &c. i. 29 

doekwork, abstract of an essaj oo, i. 405 

doth, to prepare far bloaching.656 

dorer,. 09l 

Coimit, proportiea and allojra of,.... 406 

—406 


Cog, hantiag, use of eoe ia mill- 

W0fi(p Ko 0*0 »*****O*»«0*0«OO SSil 

CalMoiM, attrartkm of, i.. 975' 

-eleethoal.969—969 

Cola, ailojr beat for. ML ..... 967 

Collofs, bofiiig oed mmedrol, i... 61—®l 
Coloim, eomptmixi, to €>70 ,... 650—651 

.. . . . Uot of for miaiattircs,.745 

•—746 


Page 

Coioan,liatefa*«dbioi}, ....791—794 

-list of titrifiaide for aleiniitf 

‘gtaaa, .. 757 

——— pteporatkm of for poiatiag,.. TlO 
•— ■ ■ (ireparatiiM of for 

paialing... 749—^751 

— preparation of for water- , 

coloais.. 799-741 

■ —. . primart ,i....Ill —\19 

— - -which moat agrecabio to the ‘ 

e^e, i.... lf>9 

Coiouriog of maps,...7,«3 

Columbinto.412 

Colttmus, stouc, mode of oorkuig, 1 .. 921 

— 227 

CoiulMtetiao. 4H5 --IHS 


— inleusilt of in oxy^vn, 344 


Comets, phenomena of, i. .... 5t>.i 571 

Comimss, ammulh. iKt 

-mariner’s. I HI 

Compasses.7(K). 7(il 

Cam|M>sifc order, i. I HO 

Compost, oil.. 615 

Coflcste lens, i.. 41J 

Concent ration.t.. 2t*9 

CondeassOott of vs|>oar, soarer of 

eleetricitv, ..211 

Coodaotors, applied lu baiidtng . pro- 

imsed iinprotemeot of,... 219 2.40 

-efaaaged Im best,.236 

—_____ defiaitiim and list of, .... 29l 


Cone, dmiMc rolling of, up an in- 

dined plane, i....292 

Constellation*, list of. i.57.4 ^.577 

Contrivanee, ingenious one, forraiting 

ground eorn, i...967 

Contrivances, mechatuoal artifice, 

in, i,. 291 

CoBvenienee, not power, gained hy 

madiinea, i.911. 329 

Copal, to dissolve in alcohol.71M) 

-to dissolve in liaed oil.791 


to dissoUe in spirits of tor- 


{lentiiie,. 790 

Copal vaniisb, iU varioaa uses.639 

Copper, acetate of,... 477 ^ 

—-allojed with eahuniue. form* 

hruM, i. .. 49 

—— elTeet of nitric acid oni.3H9 

. . .— its characterislica, i. 41 

-not altaeked bjr hot vegetable 

aeida, i. 41 

.—.. oxide of ita simple elecbve 

atlraclioBS,.. 510 

■ ■' -. . pbospburet of,.... • 9H3 

.——. properties ef, ..SHI 


tenihac. prinoe's metal, brtMiwi. 

beii*m«tal, i. .. 43 

— pniMiatetd',.... .3H3 
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800 


Indeji. 


P»ge 

Copp«r, simple eieotive ttinotioos 


or,.619 

' soider lor, I* .... •«•»...* 61 

-wjfhole of..3H2.472 

ineteot in win*,. K2l 

-tOgiW.79t» 

-to nilver.. H96 

—— weight «f requiiett for loof. 

ing.d. 266 

('o(f|>er|ilaie«, biting nmi rebiling * 

Ilf.707 

--— iiiiHle of prefiariiig, i. S5 

--- to tr«ii»r«r a denigw 

to. 701 

l'«p|iii’e«,. Ct2 

('opting. nteeliiUiiral metboilii of, for 

ilr»wtng».727 

Corn, til ptirift fiuiii muni. Hfiti 

t'oni mill, dcMi'ripliiiti of, i.. . .. 3(i3—30H 
Cork, liow emiiied to aink in wnlt-r,. . 75 

-mnunlatn.4('i0 

IViioiiii, i. 446 

t'ornmliiiii.d.'iO 

Colton, til dll lilnck.649 

—-to di*' blue. 54.1 

-— to dll brown,.fi60 

- to me red.. 5l.i—648 

--to d)e yeilciw.. .liH—549 

—__— til prejiure for dyeing,..144 

Cow, ii.ilkuig of...650 

C*ninp«, iiielallie, nned to connect 

utoiie, i. 221 

Crane, roontriirtioii of one, i. ...... SI5 

—— its |iower entimated, i.S20 

—JI27 

Craton*, pninting in, nature of, .... 748 

-pre)mraiinn of coloam for, 

74«j„75l 

Cropii, green, for manure.<'i08 

-prvservationof, by elder,.. . . 824 

-rotation of, .. 630 

(.row, iron, i. 194 

Crucible, .299 

CrarUilea,.306 

- charcoal...828 

^Cryatal, ruck, yearly pure siioa,.... 451 

-see * 

CryalalliKatioo. 299. 480—483 

Cube, |>er«pectire of,.714 

Cncurbita,... 307 

Cn|>eU,. 306 

CuKhiou, ongraTor's.760 

-gilding,.801 

Cyolo, lumir, i.623 

-of indiction, i. ^3 

-»oUr, i.622 

Cycloid, to form, i...... 355. 3(il 

Cylinder, perapective of,. 715 

Cylinders, copper, for calico prinbng, 

executed in the lathe, i. 81 


Pago 

D 


Dairy, management of,.6.50—6.51 

Day, different lengths of, i.017—.618 

l>eal, yellow, its exciJi-nce fiv 

flooring, i. 259 

Deals, miKle of hardening, i. 87 

Decantadon.299 

Decanter, bow it may act as a bum* 

ing tens, i.465 

Deceuilier, gardener's business in,.. 695 

Decoction, ..300 

Deroniposition.3<K) 

Dccrcpilulion,.300 

Definitions, optical, i.411—112 

Deflection, i.447 

Degrees, iiieaiiing of those of a 

circle. 709 

Deliquescence.300 

Design, to transfer to a copper-plate, 701 

- to transfer to ctr.liing 

ground,. 766 

Diaphragm, i. 498 

Dibbling.629 

Dies, fur cutting screws, i.39—49 

Dip, variations of,. 169 

Direction, line of, i.291 

Discharger, miirersai.215 

Distances, how allowed for by the 

eye, i. 458 

Distillation,... 575—582 

-1 risb mode of,.580 

-Woulfe’s apparatus ap¬ 
plied to. 578 

Ditches, as fences,.598 

Divi.sibility, i.270 

-of matter, exemplified, i. 

2i 2—-2t 3 

Domes, scaffold to repair tlie in¬ 
terior of.816 

Dunis, deciirnu-d Hiiglisb, i. 145 

-early Knglish, i.139 

-Norman, i. 131 

-oil the forms and dimensions 

of, i.251 

Draining.StHt.—602 

Drains, to keep 0 )>en.601 

Ot-aperv,.7*26—727 

Drawing, definition of,.697 

--lueclianical. 727 

-paper for.697 

Drawings, oopying of.722 

Drill, turners', i. 68 

Drilling in the lathe, i. 20 

-with a brace, i... 21 

Drills, clockmakers', Ac, i. 20 

- mode of tAipeiing and ma¬ 
naging, i. .. ^1 —22 

DrY-|)oiiit, ... 760 
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PAVOHAMA OF 




\ 

* 






o> 


■I 


-nif'#«ur*'im>nt 

i>f, I. 

- moliwn »f, hIh ii»i jiyr- 

rt-iinMl, i. .Vi'i 

-nutatHin (if il» i. 

—— plivnomfiia «l, i. ...... . 511— .'> It> 

—— ruaifwoiltoit i>(.. 

-of fur.fi3l 

Karttijk, of, .. 

—- - '■■■ • j:»’ner»l |>r»>|*i*r1nr» of, . , t IH—H*l 
•ritiM'idl, hr rlerlri- 

ritr...Mi 

KarliH^uaWm, coniMri-iion of rlt-ctru il) 

• itli.. *£yi 

Etton) , il» u*t<K, I. *M 

Erho, rauiM* of. (i4) 

-^inji'tilar otir. (i7 

de*cri{r(M>i> of • total aoUr, i. 

CU—4iiA 

Kdipaesi. lonar, i. 607 —600 

-1..6U0- -612 

K<<i|>iir, i..HI 

Kd, florin*’, gymmntHM titviruut. 

Kfllor«'*r»-«»r-t>,...300 

EAluvia from Ikilolir-nk, lo lirt-tiritt 
littrir ■■crnt into (tinin); rounm 

and Itod'rhambrr*, i. . .. 2lt 

l'-Kir», wliite* of, naed in i^ildingr.W)l 

- UKtr of in lutin)(,. . . , 7W> 

EJectriritj, al>»lract of.*2<l«—271 

-animal.2,'»6. .2.17 

-atmM»|tlH!ric,.214—252 

-diflerenre of, from jjal- 

♦•Jiiam...284 

-cvoUed in c>a|)orntiun and 

tli« (rofMivnaabon of kR|<«ur, 

24S 

-evolted in boating anti 

oaoliuK of botliea.241 

--- facilitate* eraptimlion,... 262 

- . -...i M .-i fatal effect tfJrin^ eafieri' 

■ml* willi fr«w tiie nload*. 100 

. . . ■ ' lu*l*rieal tiew of,... 169—^200 


Page 

h57 

trio 

tHNi 

Elri'triritv, kind* nf. 

. --- 

... 

Pag.? 

2t)3 

22H 

266 

tow 

-5.--mediral, .. 261 

tilMI 

--inMcellMirxitiv lArlH^tflA 


tknt 

liii* l«>, , ... . . , 

2t*t 

.127 

— - — vignifiralion nl. 

IMO 

.'.27 ■ 


261 

?n 

3.U 

—. _ ntii). ilinii%iciii «.l, 


Efri-trn-k, ifi'litiilion «ntl li«l of. 



lile<-lf«iti«‘l..(».2tti 

2|6 


Klrrlmpboi Uk.230 

210 


Khlpr. u*** nf In plc'M'fkr 4#»>|n» . , . ♦ 

S2i 


K.t|i{tlAtloli. 

3lH» 


KIIijim'. (oi l III, 1 xplnoii il. 1 ....... 

512 


intn tiiiir 0»i tiiriiiniCi i , . , 

71. 

.126 


7h 


l.lin, iu iiM'» I . 

H4i 

..21 

Ktl.'liu*. to tti«i.(*t>k t'f lift 4'^ I 

325 


-- ntfatii. < sukrt III ill.' I'Vri 1 
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iiii; . 761 
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. 766 

Hilier,.... .IlHi 

-nilnr, to oitlaiii. h'l? 

-aiinidr elrrltt« alliartinoii of, . . .123 

—— uk« of aurilvrouk.. . . ...8tM* 

Em|M)ratii>n, kiiurcf of l■l«■<■tri^ll_v,,.. 213 

Experiment*, eronoHij in Irving.326 

— 327 

-galvanic, . ..2H.1 - 260 

-______ magnetic a). 1H.1—INi 

aliening eirctrii* altrac- 


tion and rcpuUion,,..... 221 -- 223 

Extemtion, i.270 

Eyt, advanlagea of tnii, i.. 455 

- - jjimmI one, diAlanee of iu I’ix- 

tinct viaion, I. 4.10 

. it* real view of objecia liniit- 

«d, i... 4.10 

—— deeoriptkra of, i... 451—154 
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I*«g* 

Oalvaouai, mitcnUMMnw ftiots rtlft- 


Ut«to,.. sn 

-- - orifia md pro g f WM at, tW 

—tn 

Gmfw, d«di«ttjr of ito bad, nd nito 

vCMotki*.. 119 

OwdM, ttowar, liat «f ptaato for. 907— 

OTI 

. .. fnul, lUt of plairts for,.67i 

—07» 


-lutcbM, iMt of |d«at> for, 071 — 

07X 

— aitoatioa. Mil, and plan of, 651— 

651 

Gard^wer, caloadar of tbc,.0H9 

—600 

Gardraioit, dodaitioo of,. 65t 

.— allowances to be made in, 

for diferoacea of soil, sitaatioo. 

aad seaaoaa.606 

Garael,.464 

Gas, aarboMc acid, to iaprejpialc 

water wtlli.6X5 

-resalt of com boa- 

tHW of cbarcoal, ..146. 155 

-wboieaome in 


food. 156 

Caa-lij{bt. {ram ptt-ooal. to abow,.... H36 

Galea,... 506 

Gaaga, coaunon, i..... 116 

. . .. loaf baraawtor,. 7 

-.— ■ mortise, i. 110 

-pe».7—6 

■ ■ ■ ■ " pjroomtric. 1X1 

—- abort baroaMtor,.. 7 

Gaaometer,. 110 

Gatatiaa, amsBal.407 

- rofatabU,.491 

Gaaeva. eaaaa of Iba axceileaM of 

Uollaad.676—570 

Goometrjr, on atodjiag prerkwal^ to 

parapeetira... 709 

Gddiaf. JM 

-barniah,...... 809 

-japanaer’a,. 801 

■' . . laiM|aer to imilste,.707 

--«mI,. 809 

Gimldct, i. .. Ill 

Glaaa. t^k. from baaaltea.460 

-odd eameata for,..786 

..— ffiompoaitioB of,.451 

eoaoara, see lm». 

—— daabla eoarax, aoa fans. 

-da^w... 498. m 

aaalala atraok iato,.997 


audiM riagf eaaaa of ita 

edboit. L *4.490 

-pafadiagor..f.... 745—758 

— piana, rafraetioa <07 Hgbt in 
. IpHnisg tbroagb, i.. 495 


Peft 

Giaaa, pfOfM* Uad far alaatria ajrlia* 

dara.......960 

-to eat bj beat. .810 

-lofiM.. 004 

-to solder,... j.7^'.. 780 

Glasees, objeel, see fans. 

--optical, rarinaa foraia aad 


names of, i....4^5 

Globes, flass, Mled witb water, fo'ms 

of. i..49» 


to silver.800 


Gtarinc,...451 

Glee, circamatanees aKist favoorable 

to iu bolding, i. Ill 


bow made lo resist moistore, i. Ill 


-bow prepared for joiaera’ use, i. 110 

-impaired b/ foe<]a«iit welt- 

inf, L .. Ill 

— one lo rvaist water,,...7»7 

-rice.707 

-to Irj Its foodaess. L. Ill 

Gtnlea, refclalde. 491 

Gold, extent to wbicli a grain mav be 

spread.. 16-5 

-folwinabnf, daofcroas, ...... S0H 

-mosaic, to prepare.190 

— nitroHaiiriate of, a lest for tin in 

sdatiott. 18H 


oxide of, its simple elective at- 


Iractioos,.510 

—— pale, deep, and Ifotch,.001 

- properties and alloys of, 165— 10S 

-sbeil, to prepare,.... 801 

-aimple elecUve atlractiuas of, . 516 

-solder for, i. 50 

Goose,.649 

GoOf e, for taraiaf, .. 07 

Grafliof, see «wpra/rinp. 

Oraatto.404 

Grass, foseae,.619 

- meadow,.611 

Grasaea, ealtore of,......... 618—611 

Grate, method of aettiof, to increnae 

tite draofbt of a ebimney, i..... 9<I7 

Grarer,... 759 

■ ... aaode of naiag... 761—769 

.— toroer'a, i.. 60 

Gtavtot «faa»dlar*a, aa BHUHura...... 005 

OrariUdioo, aitraotioa of, i. .. 975».976 

.— power of, greatest at tbi. 

earth’s sarfsca, L.. 277 


. ..siaylaincidaat wbiobtod 

to tbo oooeiaaioa of its ani^ 

rormUty, b...4S6 

..I-■■■ spaoo wbidaitsanaes bo> 

diaa to faH Ihnwgb. b.... 978. 980 
Orariif and wnigbt. ddToraaaa of, b . 979 

-- leoalrod.b .9W. 899 

Gravity, contra of, to find, i.. 999 

, ■ - — rafloolioaa oaib.. 979 
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Gravitien, ■peeifio, how taken, . 

-(able, of,.., TOa—gS 

7 ~ ""— .tables of, bm; be 

need to obtain Ike weight of 

bofflSs. 91 

to remove, from pa|>er, .... B20 

Green, to stun wood,.815 

G|eetibonse,... 66S. 

- s . list of pIsoU for,. ,675—610 

Gftoding, flat, to perform with seeu' * 

racy, i.. 82 

•-when most pro|>er, i. 84 

Grindstooe, best form of the face of a 


ooBunnn one, i.. 84 

Grindstones, artificial,..880 

Groining, L. 213 

Groond, boggy, caoses of,.... 599—601 

--stony, ukerits of,.591 

Grounds, elrbing.764 

--to transfer designs 

to.76f5 


-japan.794 

Gum...492 


-Ike Britannic clastir, to prepare, K3l 

Gan^iowdrr, to fire by electricity,,., 234 
Gymnotu- cleclricus. 255— 256 


Gypsnin,. 456. 468 

-as luanure.611 


U 


Hair,.499 

Halo, i. 446 

Hammer, bricklayer's, .. 192 

- — — —- form of wipers to raise, i... 363 

—-powerful one for forging, 

wrouj^t by hand, i. 13 

— — - remarks on, i.116 

Hammers, best form of tke handles 

of those held in the hsnd, i. 15 

-polishing of, i. 10 

Uarmattan,. 48 

Msrrowing,. 620 

Hat, old, piece of, used as a polisher, i. 35 

Haymsking. 623—624 

Heat, predneed by the mixture o^ 

two cold fluids,.. 837 

Hemorrhage, acetate of lead given for, 477 

Hemp, oaltnre of,.038 

Henry IV, of France, anecdote of i. , 440 

lleraohel, phenomena of, L.562 

■ .. . ■ ■ satellites of, their jierioda, 

and distances, i.563 

Hod, 1. 194 

Hoeing,. 627 

Holly, for feuciug,....597 
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Holly, wood, lie nses, i.. 89 

Honey,. 495 

Hoofs, as Bunare,.. 605 —000 

Hops,...507 

-oultare of, .639 

• Horn.499 

Homstoae,. 459 


Horse, agricnltural brims of the, .. 644 

-force, exerted by, i.344 

-line of draoght best for, i. .. 344 

-loss of its force in drawing np 


hill, i..345 

Horses, advantage of cmstiing grain 

for, and soiling.643 

-in carts, to relieve from pres¬ 
sure while stopping, i.374 

Hotbeds,.066 

Hothouse. 663—664 

-list of plants for,.., 677—07H 

-to keep in order... 665 

House, thunder.23 

liorJIes,....596 

llurncaiif,. 52 

llusbsndrv, drill and broadcast com- 

imred. 628—629 

Hydraulics, abstract of. 145—147 

-signification of,.... 71. 101 

Hydrogen, nrseniated.352 

-carburetteil.352 

- cfTccis of liberation of, in 

mines. 351 

-levity of,.350 

-obtained by decomposing 

water.... . 349 

- oxide of,.447 

-pbospliuretted,.352 

-qaaoUty of, in water, .... 351 

-quantity of oxygen re¬ 
quired for its combustion.352 

-sulphuretted,..... 352 

Hydrometer.87—90 

Hydrostatics, sbstrart of..... 145—147 

-signification of,....... 71 

Hygrometer, substances used for,... 33 

-to render hair fit for, 33 —34 

-whalebone one,.... 35—36 
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Impregnations, metallic, injurions to 

a toil,... 

Inclosing,. 

India-paper, takes the best impses- 

sions of wdhd-cuU. 

Indiction, cycle of, i. 

Inertia, i...... 
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504 

779 

623 

274 
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ImIciu 


InllecttMi. i.. 447_.^| 

Ink. blMik writing, ..7(tt 

-bin* writing.T8SI 

—~ indelible, for linen,.71ML BS® 

indinn, .. 701 

Ink, n*d writing,^. 7001' 

-woormpt^P^.two 

lnk», aymiintbetier.7BI. BOO 

Iridium.4|jt—tl3 

Irtni and pot***. |ira«»«nte of..4BO 

-coafendon of emit, fotp m*l- 

tenble, i..... t 

—— eaavf*t1ed into iteel bj eetneo- 

Utiun, i.. 3 

-eOeet of pbonpliom* on.8W8 

- - effect of anlpbur oo hot,.Sttd 

—- enpnnda in becoming Mdid, i.,. ff 

-Stneu of, for cfaimnevit, i. ., 314H — 

»i0 

-ipeen eMpbatc of, .471 

—— it* prt^rtiea whI nlloj». . »h3—AM7 

-it* wide diffnuon, i. I 

-mode of amelliag. i. S 

—- on the increnaed *»« of. i.JMB 

—— oaide of, it* •in>|>le ei«cli«« 

nitnrtiofuk,. .419 

— - prxuMiateof..479 

-rimpte elecUve altmction* of,,. i 19 

- -— aotcler for, i. 51 

-nnlphate of,. 3H4 

. td detect in nine.. H31 

—red »iilphate of,...471 

-to gild, .. HtW 

Irrigntioa, ...f>02—601 

leOrjT, to Miter,.hOO 

feorf pnpor. to pnpnre,.(ill 


J 


Junnry. gardener'* bii*iae** in.6(W 

Japan, gtoand* for.794 

• —— ^i*lnng of.. 796 

Jiqiaaning, .. 793 

Jar, electric, or Lejrden.211—212 

Jaaper,.463 

Jotirtor. t.. 194 

Jeiatiag'rale.i.. 19-1 

Joiat, aMteraal, i..353 

Jaijr, fardeaer’* ba*ine»* in,.. UHB—6H9 
Jaao, gardeaer'* baaiae** in,.. 667-»6(»(( 

Jaao, ^enoaMwa of, i.... 

Jwpiter, pbeaoaieaa of, i..<30—<07 

.. MdaUHtw of, tbeir retoliilioaa 

and tUouaeen, i<.. &<7 

wiloUltea of, aaod io naviga- 
ligia,!... SS8 

k 


Pag* 


R 

Kile, vleetrieal, toocnwtnuit aad aae, 245 

—246 

.. renalt of e«pertmea(s 


with..24T 

Kaife, gildtag.KOI 


L 


iiac(|(irring, ........797 

ieunp. Ignited wire, .....H60 

Imnd, paring and bnmiag of.617 

-ruiatkm of er<^ for different 

kind* of.631 

-- stale of in Great llritain. 

—— stony machine to clear, ...... 

-merits of...591 

Lamiscape. Iirighinesa of an Italian, i. l.'ib 

Lamirmapcs, draning of.722 

Lantern, magic, lion formed, i.4lill 

Up. culler's, i..... 35 

Urcb-liinlH-r, its usi-s, i. (tn 

Uihe, construction of a foot. i... 53-.,56 

-hand, or turning bench, coit- 

slrurtlun of, I. (»3 

-mode of Mopping the foot. i. 59 

-iuimIc of Ktuppiug the spindle 

of. Mithottt stofipiug the great 

wheel, I. .... 46 

--pole, eiiuslrtieliwn of, i. 05 

- ' '■ ■ III fonn the centre of. i. <M 

Utbwork, wanalb of apartmenta 

eased with, i...215 

Uaali, tapis. .. 4(i4 

Uad, acetate of,. 477 

■ adraatage of new, i.. 49 

-alloyed with antimony for prin¬ 
ter*' type*, i.. 47 

--gr*anl*tiiMi of, L... . 47 

-bow eonrerted into •beets, i... 47 

—— aside of, its riniple eleolttc at* 

tiaotion*. ..517 

—— ngides vt, *oinMe in oii.276 

- piteb of n roof to be eoeered 

• with, i. .. 245 

-propertie* and alloy*of,. 274—376 

— riiBfde ateolive attrnctioM of, . <17 

. . Mikiet for, L.«.. . 52 

—— imlpbato of,.. ..375 

— to prevent tb« wuto of, by o»l- 

datioa in moiling, h.. 46 

—' to detect in wine,... H21 

-need in refining gold and aiiver, i. 46 

-weight of, rwiaired for roofing, !. 2A6 

-wiiito, ..272 
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L««Ui<>r, to gild,. H03 

-td rrnder w«lerj»ro«f, net* mAorj. 

Ura», liiirning. formed hr dro|>s of 

i......4t{A 

— - - -r«u»e of iU eHert*, i- 4<i3 

-ilit fdeet on the ImiKt, i. 4t»5 

-u’<»o<( ('barred b», in a 

« derunier of water, i.4fi5 

—f eeltlre of, to tind. i. 1^0 

- e<mra»e, r> fraction of ligbi in 

|INKItill)r ttirUU',|’ll, i... 1^7 

-doutde e>»n< e\. refraelion of 

in |NiM>tni; UirouKh, i. i‘i(i 

-object, to trv the goodne** of, i. 4i>H 

-reiiiarkalile one, i.4ft 1 

Ia‘ri'1, hrirWIajer'a, i. 11*3 

- Klinni;'* dr)H‘ml on the ditponi- 

lion of water to rcn« It It* own, . . 7t) 

Letcr, abatract of casaj on. i.S‘,ty 

-|tro{icrtii"t nod kimUof, i. liU V- -3I>I) 

-tingle, it* friction aiiml!, i.. . . 33‘.t 

te't, ulkalmc, use of, in bleacliiiig,. . >>fi- 

— - — pure caustic, to jirepure,. H27 

Irftrnutn-ritjr, 1 . 1MI 

aberra lOil of, i.I>ti2 -601 

- - ucridcnl wtiicb 

led ti» its tlirort, i.004 

--H |i((iof (if iij* lentxlt,!.41H 

—.—Hrougbam'a experiments on 

iniU'ction of, i.440 

— ___ ,'an«e of its rapid motion not 

iiijiiriic,! the sight, i.415 

-citcnioal dillcrences in the 

effects of the rats coi>i|M)sing 

white. S32 

-deoxsdi/jng ellecls of,.. 830. 331 

-cllcei of, on cobtorinii; paiti- 

clcs...531 

-etti ieiBtes I'xrgcn fioni plaiils, 31 i 

-exirietitioii of. in combustion,. 331 

--(lushes of ell < tro', to emtse,.. 223 

-gas.H3.‘» 

-boiBogericiMit, gives tit own 

colour to iHtdiet, i.442 

— -its effects on vegetables and 

aniiuais,.329 

-impretsiou of. on the sight not 

inatantaneous, i. 410 

-tnflaencea crvstalliaatinn, ... 330 

.- -measurement of its inoinen- 

tum, i.416—417 

--notiona of the ancients re¬ 
specting, i.412 

-phenomena of, attributed to 

the vibrations of a snhiite fluid, i. 413 
-projielied in right lines, i.41H 

— - .—— ■ rapidity of its motion, i. 414—115 

- - rnya of, carry with tiiem the 

image of 6ie point whence 
rtniUed, i......416—110 
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Light, rays of, difference in their re- 

frangibiiity, i. 439 

refraction of on entering dif¬ 
ferent media, i...422 

-separated fromcab nc, i.41S—414 

•-separation of the rays of, froRi 

those of caloric,,. .t.333 

-siip]>osed lobe diluted fire, i. 413 

-tracing against,.72H 

Lights, of a picture,. 724 —726 

Lime,.454—150. 528 

-as manure,. 609—610 

-— - carlmnale of...475 

-chalk, i.2t>7 

-fluate of, .. 476 

-oxymuriate of, ustrd in bleach¬ 
ing. .561 

-phosphate of.479 

-simple elective attractions of,.. 510 

-sniphuret of, use of in bleach¬ 
ing. 562 

-use of 111 cement,.7.S5. 789 

-burning with peal.H57 

!/iine-kilns, common fault of, i.204 

laniestone, for building, i.219 

Linen, to dye black,....549 

- to dye blue,. 545 

- to dye brown.. 650 

-to dye red.515 

- to dye yellow,. 548—.549 

- to prepare for dyeing, ,.54-1—545 

Linseed, oi^of. to render drying, ... 796 

-(,) render fat,.805 

Lupior, malt, fining of, ......573 

laxiviation.301 

lioam, clayey, rotation ot crojia for,.. 631 

- grasse.s lit for,.. 620 

-rich and sandy, rotation of 

crops for,.031 

Lucerne.622 

Lute, fat.789 

-lire,. 789 


M 

Machine, compound, to discover the 

|>owor of, i.325 

. electric cvlimler,,.. 201—209 

-electric plate.2(W--210 

-example of the method of 

ealeulaling the power of a, 326—327 
Machinery, detaching and reversing 

motions in, i. .833 

-■ false ^tioiis prevalent A- 

apee.ting the use of, i. 327—328 

--uniformity of motion to • 

be studied u coiitriviug, i. ..«• 828 
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MariuBM. etnpoMid, ahatraet of MMj 

OB, i.... 40S 

■ .— - BMiabciitjr of |Mrto to lio 

•todkd b ooototvwf, i.tt4 

M^^imbm. .4iS 

. . - aiiBptt obotiTB attracttom * 

of,...510 

' B wl^ io boM) . 453 

. . pkooptMtoof......4&3 

. . of........453 

.—- a«ip5sr«t of,..453 

Magaat. ofoet of poaiuoa oa,.ITO 

— .— Bataral, tw«r amod,.ITO 

- ■' poiahtjr of, by wboM di»- 

oovejod,... lO-t 

MoKBoCiMB.. HU 

-atMUact of,. 

——— foUy ofno^al.. Ibl 

, - fore* of, at diOereat di*- 

UBoea,.. 164^--lOT 

. .— BMtol* Mue«f»libt« of. ... 161 

auante iadieatiocui of, how 

obrerrcd.... 160 

-paraea ihrooKh Ih* d«»a*»t 

.16T 

prodaeed by eleetnciiT, . 177 

theory dr. .1T7-IHO 

.— to coHUBaaioate to iroa. 170 

—175 

Mabafaay, to aiake eomatoo wood 

many*. 815 

- . raries ia «|aaltty igth the 

aoil oe which it i^rowa—Ibest 
part of die wood near th* groaod 

—talaabl* aae* of, t... 01 

MaBel. aaaoa'a, L.tlT 

- reaarksoa, i..117 

Malt, kiad of liqaor brewed froai dif- 

fercady drbd,.567 

-preparatioa of, ........ 505—506 

Maadrat, to proportioa the aanber of 
ita rerotatom to dw work, i... 83 

Maa, for*aof,em«rtodoaawiiiMa»a. ■.•MS 
Maafiaeae,................ 400—410 

- Uark oaide of,.499 

. . - phoapbaret of,.410 

.aaed ia water oearaata, i. 300 

, aetioa of,.. 616 

' adeaatafe of lerliliaiag iaad 

vithoat....590 

. 604—607 

.614—015 

.fiMaa. 009-614 

aiqifdy of,......... 615 

a,.Olh—614 

...Tag«^,. 697—609 

Maplci^ ltoito*a,i....... 89 

- * - of....*:.T53 

.. 567 

’ Moda of poUabii^, i....... SI9 


Page 

Mareh. gardaaar'a baaiaeaa ia, 6(tt—4t(4 
Marl, varioaa kiada of, ...... 616—611 

• ——* wbea rateable. 455 

Mara, pke e oai ea e ed, i...... . 553—554 

. .?!... 560 

Meetir., ipua, a oaoieat... 7H6 

Maiob'bvtde, pboaphoric.. 834 

Matter, abaUact of ita proprrtMe, i... |06 

— . ecdoariaic. ...........a... 406 

—:-dehaitioa of, i.. )(6U 

—— eatrartite, ..4W4 

-propertitra of, i... 370 

May, gardeovt'* bu*it»e«t in... tjjfA- 6H7 

Mecbaoio*, abslrac; of, i. 300 

-—■ — dctiniiion of, i.5ttSM 

M«gai*eop«*. hand, i. 476 

Merenry ,eorroaHe inuriate ol, dn oiu- 

pOM'd by ttii,. 3N0 

_—rxpanaum of m a gbi.* 

tube.. 3t — 3'i 

— . .. hfocas ut fur ihernKMuetent, 331 

-- faiatinatine. 371 

--beta far .... 73 

. - .. HutriateaiwiuM ■niun*ir»f, 371 

— - - oatde of, *U aiiwpU' » 

atiraetitMui..516 

—.. pheiMimrna of the plant*!, i. 53 h 

-phoapbaret of....373 

..— • prop*r6ea of.Stto 373 

--- range of »a barowelei,^ ntrfe > 54 

-— ample eiectiri* attrarliun* 

of..516 

-to ponfy..-. 37 

-weight of a cobic foot of,. 3 

Metal. comiKMilioB of oa« whirb loeita 

ia boiling water, i. 44 

Metala. cbaracteriatira of..359 

' - '■ '■■■ coathiae witbouygen,.347 

.— comparatire effect* of caloric 

ia expaoding *e»eii diffeicat,.,. 337 

.— effect of bafliinertnf oa, .... 3(i I 

-bow caa*«d to «wim, ... 71— 7'» 

-liat of,.*ti3 

. .. - oxidation of...3**6 

— ■ — Mppoaed Miaple bodie*.359 

- - to deatgnate the bardn«»« of, 369 , 

Memotiato...777 

MMnodatoa.modeofexecttting, 777—778 

. . - to ffx OB flaaa, ...754 

Mica,. *161 

MieroaMtora. 1.599—593 

■ I , 1 . I -to obtain the valae of 

diriakNM of, i. ......... 501—503 

Mkiroacope, afoidie, i. ...... 475—176 

- aa«aeofiUeffoota,i.470-47l 

. . BoeBpoaad, 1..477 

.— - fonaod by a drop of 

water, i. 471 

. . . . fonaed by n drofi of tor* 

#, L. 471—173 
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Page 

HwnHMope, fam ed bjr gl«M aplie- 

r«lM| . .472. SSa 

ohje«u far, L .... 479-MB3 


<^qu«, i.479 


0 propoeed, i...474 

e~ i...47M 


•• Mflgie, cunevnieol farm 

uf.i.474 

impioienieni uf 


cabinrU of, i. 4^3 

Milk.& 00 —dOI 

Mill, a borite drawing in a, ahuuld 

ha|||an large circle, i.343 

MtlUlo^ hearj one, require* little 

more farce than a light one, i... 3C5 
Millwork, abalract of cm*j on, I.. 403— 

404 

Millwright. Uhle of the, i.34H 

Mineral, ethiopa.372 

-turbitb.370 

Minialnret, eolonr* for.74S—710 

-inellind of painting, 743—745 

. .—- painting of, niHteiiais for, 743 

Mirror, burning, caanc of it* ef- 

fccU, i.403 

-concave, curious e^perinienta 

with, i. 437"-43B 

--rniivr\, or cuiifave, to find 

the fitrii* of, 1 .43H 

Mirrors, ancient biiniiti'j. i.400 

_ —-runvev and concave to sil- 

■ V'cr.... HOO 

. cviindlicai and roiiiral, ef¬ 
fects of, i. 43U 

... plane, to silver,.HttO 

klitre'Sijiiare. i. IlH 

Mixture, deioiiiiting.S30 

Mixtuies, table of free/iiig.330 

Mobility, i.. ... 273 

Models, of machines, rare requisite 
in farming conclusions upon 

them, L............ ..321 

-propriety of making far hoiist-K 

ntended to lie built, i..... 212 

MolylKlenuro,. 40H 

• Monsoons,.. 43—14 

Month,difl'creul lengths of, 1... OIU—020 
Moon, distance of, how measured, i.. 522 

—523 

eclipses of, i.......... 007 —009 

— harvest, and hunter's, i. 505— 

600 

- - — I — boriaonlai, i.. 600—601 

■ - magnitude of, how known, i. • 624 
—— phenomena of, i. 546—551 

MordanU.5S|7. 526—533 

Mortar, bad effect of agiUitinn on 

while setting, i. 2 fl.> 

• - - enropositiou of for a floor, i. 259 

. . — fai works under water, i.... 200 


Page 

Mortar, maierial* far edoariag, i. .. 209 

... never cracks, if it sets witb- 

oat cracking, L.. fOS 

- - preparation of durable, L... 199 

—202 

Mortise, rules observed in making, t. 122 
Motion, abstract of essaysoii, i.... . . 397 

e-incapable of definition, i. 261 

-kind* of. i. 2 H 1 — 2 K 2 

-planetary, L.... 527—531 

-laws of, two re¬ 
markable, i.530 

-sun's progressive, why as¬ 
serted ( notej i.618 

-three laws of. i.2h9 

-velocity of, how estimated, i. 283 

Motions, the apparent of the heavenly 

bodies, i,. ............. 513—din 

Mould, bricklayer's, i. 196 

Movements, beavy, should be sup¬ 
ported by wootlen framework, i. 332 
Movers, first, abstract of essay on 

men and horses, considered as, i. 403 
■ --usual means of modify¬ 

ing their motion, i. ......329—333 

Mucilage,. 402 

Muffle.. 

Muriates. 473 


N 


Nnphtha, jiotassium preserved in,... 303 

Naves, lengths of, i. 373 

Nebula,!... 682-—584 

Needle, caused to swim in water, i. . 281 

-dipping,.165. 184 

-magnetic, variations of, .... 168 

Needles, etrhing. 764 

Newton. Sir Isaac, likeness of, pro¬ 
duced by tnriiiiig, i. 8 t 

Niches, decorated English, i.150 

-early English, L.143 

-Normau, i. 137 

-|>erpeudiou!ar English, i.■ 157 

Nickel, oxide of, ita simple electiie 

attractions.518 

--- properties of, ..379—381 

■ ■ -. simple elective atli actions of, 618 

Nightpieoe, fine poeticel, L.. 552 

Nlght-aoU, ....f: .600 

Nitratesi..... 472 

Nitrogen, gaseous oxide of,.445 

——— properties of,....4 348 

Nodes, i. ..612 

NoniencJature, cliemicsl,..... 292—899 
Non-conductors, see elsefrtts. 
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Netriu. M* of,.. SMI 

'No«i!>flilMr. g•^lco«r‘ll bajKiacM m,.. OM 
NototMW of Um tmxHuk'* hum*, t..IMI& 


O 




Oak-tHoticr, its «s<Mi'ltenc«, i.. 

Oats, cttllttiT of,...... t>3S 

Objects, Buoroscofiio, i,...... 47U—iSS 

-sise of, seen tbrooKb lelo- 

scopes, Boctbod of esUmstuig. i.. SOO 


9jm, i, .. 437 

Observations, bjicTonctrie. 3fi 

October, gardener’s bosiBess in..... <iWt 
Oil. a mordant,...33d 

— heantifiil a{if»eamn«« from soddrn 

eombastion of, ..bid 

—. ooloamfer painting in.TS1~>7SI 

— eunalNwUan of otive, .....b33 

— fat. In prepare, .............. H<k> 

— fised, cbaracterisltca of....4U4 

— - - to disaolve copal in,.Till 

— iu infioence in stilling waves, 111—1 IS 
—- linseed, preparatinii of drjing. .. 7!KJ 

— obtained from Quaa rad^.bSS 

Oils, aahnal,.4!lB 

— — . fined, sbnpte dectirc sttractiom 

of..m 

-volatile.41M 

-- -— aimple elective atfrac- 

timwof.....fi2S 

Ot|.paiiit. sabtfitnte for..S3H 

OtI'painbag, ia^>l«alcats as«d to,... 733 
-progrn a a of • ptetnre in. 733 


—737 


Oil^ftooc,...730 

Olives, oil of, bow far compressible,. 73 

^. rdOS 

Opties, abstraet of, i......... 303—304 

-. doftnitkia of teraw ased in, i. 4t 1 

hiitortcal sketch of tbo rieo 

and pragroM of, i.. 407—4t0 

■ pria^dos of, to known bjr 


An atadcat of pertpcclivo.703 

. .■ j.nrtjjogts troatod of in, L.... 407 

Orator, in wlwtaHwMion beat board,. 03 
Osdac.Compeoit^i......tOO 

-Coria(ltiaa.i.1?»-100 

OreeitB Itorio, i. . I7f 

-lonie,}.......177—170 

. »-aa«» ■ Groefata, toilnre of an 

atiMiqtt to fom, i/* *’*.401 

illacipal ditMato af. i...... 17t 

itanaa Dmia, 1 .170—177 


!*««• 

Order,Tasena, i..... 1)3 

—— to mitabliab, ia a laboratorjr,.. 330 
Ordara.amhiteet«ral,boslino(iieisor,L lt& 


OmaaMats,deooratod KagliA, 131 

———— early Buglisb. i... 144 

-- Normaa,!. 107 

-.— » perpeadieniar Eoglisib, i. 130 

OrptBsenl,...«... 337 

_l-_-sec mmmtt, wmtfuhmrH «/. * 

Osminin.....413 

Osen.IMI -043 

Osidation, ..301 

Oside, black, green, stu) red, »fwm. 304 

-*— blsck, of msngsAcse.4tt0 

-carbonic,...447 

-gasttons, of nitrogen,.. 41.3 - '4111 

-- gray, of arsenic. .. 3W 

..—-ofcobsil.. 407 

- . . .— nitric. .. 440 

- — npd. of lead,.374 

-— wbite, of arsenic, ... SW 

- . yellow, of trad. 374 

-- of UB,.SHO 

-- of inngstCB.. 403 


Oakics, diffenmt of the same melsi. 


how distingnUlied.3fil 

-.—— general nroperties of.41.7 

-melaliie, 447—44»,33y..33l.5SK 

————————— vilrifiesUon of, 3t»l. 730 

Ocygtw, exists in a solid state.343 

-inieasily of eombastion in, . 345 

-obtained, from manganese,.. 343 

. — - -from green leaves 

of (danis, .. 311 


-qnantitY of, in aunospbrrio 

air.....34-1 

— simple elective attrmetioiis 

of..50» 

-— sole supporter of oontbns' 
lion, .. 311 


P 


Pakit, <dl, snbstitnto for,.b3)t 

Paintinga, crayon, method of iiaiag, .731 

Paling, .. 3!I3 

Palladto^ properties of,..... 373—373 

mdias, phooonMma of, k.335 

Paatilea* pitch of a roof to be covered 

wito. i.. 

Paper. bkadRag of, 3413—3ti4 

— oaBM of ito expulsion by inoia- 

tara, .. 3^ 

—— drurfa^,. WW 
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P»ge 

ftaiiied by eiactriftitj,...... 

- 10 gild, ....BOS 

— to take tmpr«iuH<Mtt oa, frim 
deaigiM otade on alone with a pea, 820 

--•Baeiog wilt cfioared,..729 

--^-Willi ..7iI9 

’ Pam, pSaater of, aa a cement, ..... 7U0 
--tobardeoandbrotue BISS 


• to prepare, 


... 808 

• to Taratab,..*812 

--—--Biicd in utaaonrjr, i.. 221 

Faraoepa, ......6S7 

Farlidea, primitive, i....271 

Fariiag, drv. object of,...308 

r«ar>tree, lU itaea, i..... 80 

Feaae,..... 

Feat, graaaca At for, ..t20 

FeocU, blaeW tead,.698 

Feueila, camel'hair,..7ol 

Feadttlom, i....ShO 

-abatract of caaajr on, i.... 406 

-eauae of iU differing in its 

rate, aritliuttt ragard to tein|>cr- 

ature, i...277 

—— ■ p:»«»d wmlc of Aaing, i..... S9S 

- Urbham’a coaipcnaation, L S92 

~ ■ giidirun eompcnaation, i... 392 

—393 

-_bow raoKcd to vibrate 

iqaallr in difTereat media, i.... 30$ 

-how it mcaaurea time, i. 377 - .378 

— -nili) loOnd the length of, for 

aiij great number of vihraliona, i. 391 

--table of the lenglha of to 

vibrate veconda in difierent lali- 

tadea, i. 301 

Fena, drawing,. 700 

Pentagraph,.. 728 

Percnaaioa, uijtinoua to magnatiaw, « 176 

Period, Juliaa, t. 024 

PerapecUre, canae of indiatiaotliotioBa 

of,. 702 

contrivance to illuflfate, 708 

—70» 

— --definition of, ... 702 

— -defmitiona of termf need 

in,.,....;.711 


-alKeinplificatiop of the 

nature of,... 704—710 

-macUbje fppr drawing in, 716 

—719 

metiurd of patting aqoarea 

into, ..711—713 

Pelroailea,4<|3 
Pewter, couipoaitioo of, i., 44 
PhanUamagork. i. .. 470 

PtMMiphate,,.. $$9 

Phoaphatea,. 478 

Phoaphori, nokr,.380 

^Piioiiphoraa. 307 

63.—VoL. If. 


Paw 

Pboa{dior^a,.i^mha^o|»of,ii| 03 ;gn», 34$ 
diaiaihililJ pf, 

- -, — fiftdnj add oC,..,. 440 

-tta eOecta on icon,,.,., 339 

'**™™***'''™"oaide ..i......... 447 

^ -prqmraidiMK^,....... S$8 

Picture, light# and abadea of,. 724—7268 

Piera, deosmled Eng^liw, i... 149 

-dimenaiona of, for hridgea, i... 232 

-oariy Englkh,i<............ 141 

kplipwifc,237 

--Norman, ht... 136 

. - - - perpendipalar JEngiiah, i. .... 13$ 

Pile, gnlriuuo, .221 

Pinchfoedt, i. .. 43 

Piniona and wheaif, to proportion 6ii: 
diametera of, i.......... 380—388 

Pina, draw'bore, vae of, i....120 . 

-line, i..................... 194 

-mode of tinning, or w|uteiung, i. 46 

Pipe, tobacco, oerves ap a cnioihle,. 327 

Plane, inclined, i.SIO* 401 

Planet, oanum of the porta of, i..... 107 

-variona kinds of, L.... 108—112 

Planeta, densitj of, i. .^484 

-diameters of, L .. ,^5C(S 

—— diatancea of, i.. 363 

-force of gravitarioa ot tho 

surface of, t..$64 

-qttaatitjr of matter S&l 

-rotation of, i...........,. 564 

-trt^cal revolatwot of, i. .. $6$ 

Planting, naethoda of, .,•«•••« 633—657 
Plants, to bike impreasiona of, ..... BtiT 

nuter, uonldini andpof^3 —8 12 

Plattna, tpplieattM.^^parcielaiii,.'. 826 

-pai^ of, ifp, n i w ^ dpoBva . 

attraebpoa,».f 313!—316 

-not oapohb of hemg fran^- 

lentljf mi]^ with gold to advan¬ 
tage,... 92 

——-— properties f«d dkjs of, 362—363 
— fimple elective Btlraodoaa of, 3t$ 

—316 

■ . . - aolder for, i.. fit) • 

—-— to reader malleable,.3CS 

Plonghiog,.. 62-> 

Plnmb-r^, i.. 192 

Pluviometer, see rorw-jraupr. 

Pacumabes,abstractor,........ 68—70 

-— de^mtioo »»f, ... 1 

Po, declivitjt of its tml. nnd rdo of 

motion,.. HO 

Poinu, iaflaence of on the electric 

^id,.. 22ti~230 

' Poles, ua|netic, .. |64 

Politer, the culler's, i. 3$ 

PoUaktng b thednthe, i.84 -t'S$ 

Pppiar-wopd, uses of, i. . 88 

Porcelain, application of pli.tina to. , 8^6 
5T ' 
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Wraaliia, to .... . .'X 

r»i»6if« Itot.iT4 

.SM 

«f.. m 

j, tortrtte of. .. 4T8 

km, prantoto cf,.4M 

■*dMMl«.tort««to«r.478 
Mtiamtotod taitnt* of,.... 404 

.sw 

lijpor^kjouariolt of,.. 44A 474 

aMutato is, .474 

okratoof,. 478 

p rq w i f tiao of, ....... 414—414 

•i«f4« cloottvo ottroelioM of. 418 

rak-earbooolo of, *.474 

■olfJMto of «loo4a« ao4,.... 470 

•opor-Uurtratoof......*..... 478 

.804 

- ofoetoof oxjioonolieoeki 

f««,oo,.. 404 

—— its stroog altnwtioo (or 

oxygeo. ... sot 

. .. p r npor tk o ood iJloys of, S98-— 

sot 

.. «S4 

to OMko sbte of,.788 

Pookrj..W8—two 

Powdor, fdoHoatki^,..^ 

— mB^c, oPocd of vorioas, oa 
thoaielMooftbo smooImmIj, i.... 881 
k, ha oMs hi worlu to resist 

watar. i... 800 

Ptoaifita|a, porple, ^Cassias, to pr»< 

..SOT 

sod,.S70 

aliaoaplwiie, eolaaw of 
r,oawartrf^,....... 10 

.ajSkOtaof aan^wkl, 8 
' naiatioes of,... 10 
of, oo a 

. 10—11 

... 791—704 

Priaea’s aiotal, i... 4S 

!Priaeiplo, Wtter, ..4M 

M——oateetie. .. 40t 

fh^adof, to perCiqrai Iraakdooigai auido 

' oaatoaewitoapta,.....810 

.Ptlali.ado«toc.r....748 

.w to tolto gtato* ««4 890 

P»iaa^ m a aiol a f , to patiate ponpae. 
tSva, 

Pto^aBjilto, awta daoeribad by, i... 888 

PMadatoa..470 

tia^aihalMt 4f MMp ai.1.^ 

i lH a tia ao^ !• If fPo 0 « O • 

.^raiiitoJkiaAiilNMri.. S«r--«U 

I. ..808 

f, alTrt towfti i l . .s.w*..**. 



Paam, air, ahapla,. 
-^Dak^'i 

im Vil^^o • 4r 0 

—“ iMprorad. . 
.tiftiag .... 

— rapo, .•. •• 
>— apind, .... 

— saeluag. 


Pago 

IMS 


117- 


-110 

.114 

. 110 

..«*. 114 

K.i.. 181 

.ISO 

111 —Its 

- ftw rooro n aitodtoaro.h. 114 

—■ '-— - . - roiochy aod looftli of 

•treha, .. 114 

PaaohiBf.i*.17—18 

Parpio, to slaio wood..814 

Patty, glaaiers... 786 

. a»ed w Buuoor^. L .. 881 

Pyrhfw. auudal.884 

Pyroaietw. oiuitoplM of hooU d«- 

sigiMtod .. S8I—S8S 

- - - n odgwood’s range of,.. S84 


Qaarto.........402 


RadUii, Qihm, mi froai,.8S8 

Ragk, yeaduof of,...40S 

-wooileo, as aunura,.. 604 

Bsiobow. expIsBatioa of, i.44S—144 

Rsia-gaaga,... S7 

Raiai^, L.. 104 

Rsfio. caltora at, ... 6S8 

Roy, eisasl, isoaipalstioa of its 

lototh, .. «... 484 

Raya, taaar, aol wana, i. ....441 

— red, paaotrala farthaat. L.441 

-tolar, why rockoaad parallel, i. 480 

..*0^ 

RaotiSaatioa..470 

Rad, to ataia wood,.814 

Radaetioe, .. • *81 

B«8aeth», L ..... • ..411 

-- froai ooarex aad aoBoara 

adiTora, i.. 444—4S6 

. . . fron fdaaa lairrora, L.... 448 

i M , „— giaad law of, L.4tol 

..— raadaraafloi^actairkibla,i. 4S1 

. .f.. aappoaad eaaaeof,i...... 4Sl 

RaOoxibithy of Ught, L.441 

Rolkaothto h • 480 

doeoptioao of aigM oaaawd 


by, I. 


RaAaagibifHy. i. 
Baftwo, aaltoa,.. 


uparkaaata to Atm, i. 480— 

481 

.. 480 

..OM 
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--r—-^- 

P*g® 

neoerlui, to incite to pereevertace in 
aeolatiioel pareuta, i.... 121—124 


Bepolaion, i...2S6. ttlT 

e|«otric, to ehoir,.. 121—^221 


KeeideaiD.$01 * 

Keeie*,.. 495 

-Ifum,. 496^ 

Heel, doable, dm of in taraing, L.. ^84 
—parnllei, for tondag true eonea, 

ejliedera, end Bad aorfaces, L .. 69 

Hetiaa, piclnrea oa, inverted, i.454 

—-aec ea aa r jr to vi- 

aioa, i..454 

Kotorta, ..$00 

Rbodiom.400 

Ribboa, to gild cbemicaJiy.. b35 

Rireltag, i. . . 10 

Rod. meeaoring, i.193 

- discharging. 214 

Roof, indlinmlion of, for avinerj,.. 004 

Hoof, [tecuiiar advantages in difler- 

eocea in tiie pitch of, L.254 

-remarks on the varieties of, in 

English architecture, i. .. 101—164 

Rooma, proportion of, i.243 

Rotten-stones, see Iripoli. 

Rouge, poll’ hing, i. 36 

Rubber, Indian, see fooutchtme. 

-rec|uuites of an electrical,.. 207 

Halers.099 

Hie, culture of,.634 


S 


Sainfoin.022 

Salt, common, as inanuie, ..,. 013. b47 

-at a condiment.847 

— . — Epsom,.452 

——definition, and distinctions of, .. 469 

-in what aUtc fittest for freexing 

mixtures. 340 

Semiei. ........................ 49 

^ Sand, graaaea fit for.620 

— aa manure,.012 

-abarp, why beat for mortar, i... 203 

Sapphire, .. 450 

Satellitea, Herschel’i, perioda and 

distancea of, i....56$ 

-Jupiler'a, uaeful in naviga¬ 
tion, i.*..65S 


periods and dia* 


taneea of, i.557 

Satellitea, perioda and diaUncea of 

Satarn’a, i. 5G1 

Satin, takes very line impressions of 

wood cuts,. 770 

Saturn, idirnoinraa of,. 558—501 


Pego 

Saturn, aelelUtea of, their porioda and 

diateaoea, L SSI 

Sew for metala, L. IS 

——bow cut end aet, L..lOS 
—mason’s mode of using, i. .... SIT 

—tin, bricklayer’s, i..... 196* 

Sew, varions kinds of ffir wood, e^ 
difiTerent modes of forming the 

teeth, L. 106—107 

Saw-mill, L. 98 

-ctrcoler. Smart’s coastmo- 

tioo of, L.98—90 

Scaffold, temporary, to repair domes, 810 
Scaffolding, external, not ueeesaaiy, L 214 

Sehiatua,. 401 

Schorl. 464 

Scraper,. 760 

Screw, abstract of essay on, i....... 401 

- Archimedes’,.. 119—120 

-conatruction of stocks or dies, 

for culling, i. 40 

- different form of thetbreadaof,!. $20 

- disadvantage of a screw-plate 

in catting, i........... 39 

- endless, conatnictiOn and use 

of. i.$21—$2$ 

-how to estimate the power of 

one of more than one thread, i. . 321 

- mode ofeutting in the lathe, i.72—75 

■ " ■' * ■ " names of the parts of, i. $9 

-Uieory of, i.$19—320 

-use of in a micrometer, L.... $20 

- water,. 120 


Scribe, bricklayer's, i.196 

Sculpture, to repreaent in Engravl-g, 70$ 
Sea, depth to which it b agitated in 

storms,...Ill 

Seasons, indicetiaus of the weatlier of 

aii|iruacbiiig,...59—01 

Sea-weed,.COH 

Security, personal during a thunder 

storm.. 250—251 

Seeds, steeping Uqnor for,.823 

Septembar, gardener's busiueaa in, 091 -- - 

092 

Serpentine, . 406 

Sliadea, of a picture, .. .. 724—720 

Shadows, perspective of,.....715 

-position of,.............. 723 

Shears, for cutting iron, i... 10 

Sheep. 046—047 

Ships, seourity of, from li^tiuBg, .. 249 
Shock .effect oKeent over euM or (pass, 227 
Shoee,. to render waterproof,...... 823 

Shrubs, deciduous,.. STS—679 

-evergreen.. 679—680 

Sight, deception of, by refraotion, L^. 424 

-- preoautkinSto preaerro, 1.462—463 

Silex. 451—452 

—— fluale of,....470 





































































OP 


Ptif# 

8ihx, akiiifai tkbWt^Sam «f,. §1# 

Silk,to )>..*«<<' Mt 

**"*■•“* S4If 

....a...t> » 4y» toy,.«».4.*♦«,,».. MS 

f«i^. StS 

. . S43 

— to fMpIto lW i^firng, . > 

Sawtoi'wItoi rt w M .Sft6 

(Mil4giMi>f ofk • • .... • 7W 

.. . 4aniU« tnaiNMt tor Sliiiif tB|» 

to|prMto|H 0Wy*«• «v« * • * • - • SIS 

- •^ —■ *K<net ttf ai^fiiivr on, ....... tt9 

■«- ■>*«« totoitoMktittf.. STS 

utoitonr..STS 

. . mirto* «f. • iwvwMHi M,.. STS 

•nitor «r. Ht imtfilfl «l«c<ive 

SMrVVtMNM. ...SIS 

p cprH to* mti iltoy* af, SIS—STS 

— «iwU. .. »06 

—iiaipto(toeUv« Attraction of.. SIS 
■ ■ — . ooklrr tor, L.............. SO 

wMbilMiQtootal, i......... 4S 

Mrcatof,.. SOO 

SSror-tw, f pi oy M to httoMto tbr 

of wlriotwwit oo trorjr, .. T40 
ItoMOM, tontSe ptoiw w — r of,,. 4S—41 

IM p iww. ....ISS—tSH 

. ■ ■ - eloetriSM «o}^*rr,... 234 

II new uif4ii»fiM of,... IS4—127 

«a« of to « •lUI,.S77—iSS 

Siraeen, ..........it. SB 

SittnliM, of liooMt. ooaoidonitioM 

rotolira to,.Sil-«S4S 

SIMI, Mnmii ^diag....... SOS 

—gil^, ..:.SOI 

... SSI 

....;....,. 7SS 

1^, totfteial Mortt'. to itrofMra,.. 'SSO 

Ayr*ootoonof, i.. 441 

1^,.461 

■I . . .I- . tooto of qai4iti«t of, U .... tiT 

iittt tnct tor raMaf wUdi im> 

Ubm too lotot wator, i..SSI 

~ anal etIaaDni of, i......* 916 

»>«.» wci^ of iae md ooofM oa i 

laof.i. .. 9S6 

IKBliin i# * “ ■* * 

^>!i> oVtnndarrn^t i ^ 

IMtoj v..'*«v.* 4t&—417 
MMc aMaanNUat pli i naf i lat o of,... ITS 

i5l ff A toiai . titftrato .4tS 

—-.-waraf.4f* 

ii f. ii. . .. * aiiiato0^ .....ii 4TI 

I 'Iihiirlito'tf .V47S 

4—»liiiaMtilii'afftiraatttaoUoaa of... fit 
I m S<*.S li toorato of,#T6 
Mto4to%4aato of^..........^ 

_jS£<lltoa.anntrat, rimiurf97S 


^a^xa .^AdMeameii iBiKA 

fipOn# W^pra(MwNW4 0r i • o « «lMv 

' pWiW OMn|NMfOQll w wtn WMPliy. • MNP 

»' I ' i i <il to ro a a >,»ar toaMijs* t»«..«. fiS 
jdhatoMjr,' 1ST 

’totoajf. ISS 

~»—Miu«li7i 1.966 
*-f»ialy, .. Ills 

V*sa«aa*« aoo'b4*a«ooo *ST 

to ottMato too «i6a» of,., f... 9M9 
-I "— • lo Otouabo, .......... ftSS—ftSi 

" ■ 1 * 1 - WM* of,.. &SS 

* ■ ■— -oof(«tolile, ASS 

likddeir, toOM, ecffor, tad iroa, i. .. Al 

— ■l■|"||■ ^ .^ - giaar. .. TS6 

"■ ■‘ 1 . 1 —. — I - liani ond oofti «...kv..<■•.. 96 

—— fdoiina. K«dd, aod mUer, I... 90 

aoA« bow dbliaforaiird t» {mmv 
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— -tin and lead, i. .... ...... 99 

Solidrtr.i....976 

Soot....619 

Soond. alfOci of to eoadonaed air,... 64 

-—> aatore of, ............ 61—69 

—— rartoa* |totoO«R«;aa .if, .. 64—6S 
——— taloetl^r of.. 69 

— .. . . . to daler- 

Muoe di»taiic««,.. 63 

S{Mr«, I. .... 973. 961 

.S{MUr, floor. 46H 

—— poadoroaa, wo Iwrf/fO. 
il^MWtocioa, toe diBeront aofto r«> 

fatoed to awl different ojrce, »... 460 
Spoctnuo. aolar proportiOBa of tlie 

eolottra io, I. 441 

Spoeala, aborratioa of differeoi foraifl 

of aeting tofelbw, i. .... 490—900 

-- eotupoMtioo of tbe laotid tor. i. 4t 

Sidnsre, artitouJ dimiwiw of, i. 916—*16 

..— lutoow, bum imtaed, i.. 69 

. — — poaitiaBa of, i....919 

— witotn apbere, bow tataod, i. 69 
Spbetaloa. toi‘a a cro a copoa,toBitoo,i. 473 
Sprit and water, apecifco frtiritjr of 

dlffereot miatareoof,......... 67 

.u.—Irani vbstolitoMed to ooMioenie, §76 

Sptrtor, Toctificatioa of, .. 979 

Spditos, poaitioa of, i. ..*79 

Spate, Mark, <qip«ar rbd aa reratiioa 
{a a iMrliciilar eitaalioa, i.. *.,. 446 
Sprm. aplwd, appltoatbwof to o»««fc* 

oiarkti......... I.. 

Spriaga. differeoee toiooea nglai and 


... ll" 

. Ill — .. drawtog'T, ^..... 4 • 666 

JdiBei^«a«deabtoeta«akor’«,l. 117 

-— mode of trjrtog its aoearaey, i. *S 

8«ni«rei.e«d«rgiaga»ddiiaW»btofby, 797 
—u—... petapeotire of.... • • • 711—71* 
Sqaiattng, bow iessoaed or eared, i.. 4*6 
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K(«ir«, L...,. XSt 

KuUu^hal; ....f. ^ 467 

MoAipen, iiMitbgds of ralu^, i. .... 333 
Stsahopo.jrioeipii) obbet of y« iii> 

VMliou, 1. .,,. 79 

Sturrh,.. 498 

Stars, oppareul Miotions of, i... 514—515 
——M-f^amcnt oo their being 

l^ns.t.. S^t 

-elauificiilion of, i.574 

- — — . distMoes, L.572 

-namber of, i. ..... 571. 677 

.. . . vartations in, L ... 578—5H1 

State, agrienltorsl, of Great Britain, 5K3 

Ktatm, ospaiiaibility of,,..... 129—150 

Stoatites, .. 4t>5 

Kleel, Beqoirvt the greatest possible 
hardness b^ queneliing in mer* 

ewry, i. ..... 7 

-cast, inode of preparing, i.,... 5 

—- eowbustion of, in oxygen.340 

—— diatinipiisbed from iron bj the 

nae of nitrous arid, i. 8 

—— eflVet of bluing on its elas- 

tieitr, i........ 9 

-its dimensions increased hr lini d- 

eoing.i... 9 

—— mode of liardening snd teinpet - 

ifig, i.4-- 7 

-'- to gild.bOtt 

Kl.'el-vnrd. i. H05 

M((>eplet, tlecomlod Kngiisb, i.151 

-— eartr English,!. 144 

■ - Noiiosn, I. ... 138 

-perptwulioiilar English, .... 159 

Stancilluig. *30 

Mtioka, windiag, ose of in working 

WOlHi, t. 11^ 

Stn*ta,.. . 599 

Still, constroclion of,.57(»—.'>77 

Stock, for boring wootl. i..,.. II1—115 

Stncko, for oitUiitg screws, see Ju-x. 

Sloan, bedding, i... 190 

— otsftietita for. *85 

-orTaUllaced calcnreons,.407 

float, L. 190 

—— Portland, i.219 

-precantiiuis in using, i.220 

— - — porbeek, os« of, i.219 

-rabbiog, i. 190 

-to make designs on w ilh n pen 

for printing from,.8'9 

-— •«* fmiU. 

Stool, tiMnlating,.219 

Stnrma, thamier, sources «l do'ttii'il v 

develojied in, ..218 

St ttigbledge, i. 37 

Stratilicstion, ..302 

Streiittis, m*Mb' ortuuniiging for mills, i. 3.51 

Stioke, retuiuiiig.251 


Strontian,.*.***“ 

Stooco, preparation of diiry>lo, L 10B'»86S 
Stamps, .....p.s• 308 
Stain, docorated Bugliih, L... * 134. 143 

—— earljr En^u^, i..IBS* 139 

locality of, in bnildii^, i.... »s 195 

- Noraum, i......pf......... 133 

* imqmndionlar Engiiah, L 134. 133 
Subjects, varions, to reproaont in OW' 

graviog,. 70B 

Sabstanoe,.aigaifioation of, i,.890 

Substanoea, animal,.497 

-- cbeaiieal eiaaaification of, 388 

-ASO 

-s. YegctaUn,.. . .491 

Sagsr,. 498 

Snlpliate, blue, of ooppM', ......... 478 

-green, of iron,.......... 471 

-red, of iron, ........... 471 

Snlphates,...470 

Sulphites,...478 

Sulphur, combustion of in oxygen,.. 343 

-—~ flowers of,.. 337 

- oxide of,,..447 

- properties of,........ 869—467 

- simple electieenttrnctioiis of, 308 

—609 

Sulpborels, slksline, sctioti of on aati- 

. .. 403 

■' dissolve gold,.. 360 

Sun, absurdity of supposing Hs pro¬ 
gressive motion, i.. 683 

-argaments on its being inhabit¬ 
ed, i. 335—636 

— density of, i. 664 

-diameter of, i. 663 

-diminution of, (hypotbeticnlly) 

by ediitling light, i.417 

—— distance of, how measured, L.. 681 

—683 

- — eclipses of, i. 609—613 

-eil'ecU altrihoted to the repul¬ 
sion of its rays, i. 536—637 

-its diameter and period of rota¬ 
tion, i. 638 

-force of gravitation on its aar- 

face, i.. 635. 564 

-magnitude of, hew known, b .. 624 

-quantity of matter in, i.664 

-reflectiena on its grandenr and 

use. i. .. 419 

-rolation of, i. .. 564 

—— spots of, idros m|>ecung, i... 532 

—584 

Surfaces, plane, diffiooity of produe- 

iag, i. 88 

Swine>. a64S 

System, plahelary, Blinarks on, 1,685—886 

-synopsis of, i. 563—565 

-solar, bodies of, i. >.. . 638 
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Past 

TraiweoloniUMia, chetoicaJ,.887 

Tranapartaeiea, {hintinx “f... •« 747 

liMiapamirj. product d by eleetricitj, 238 

Tr«e», applts.-.(J40 

-diWdotiua, litt off...,., OJb—679 

-drawtog of,.723 

-■—- evergreen. 679—6K0 

——. fniU, pruning of,.661 

-- ^ Iraiuiog of,.X. , ^2 

—^pear.^0 

-timber,.. 641—642 

-truoke of, advantageous mode of 

converting into square 6iaber, i. 103 

Tripoli, used in polisbiog, i.. 36 

Trumpet, bearing,. 68 

- speaking. 68 

Tube, barometer, bore of,.. 27 

-to 611.27—28 

- glass, bcrmetically to seal, ( note ) 25 

-spiral illuminated,......226 

.. 404—405 

■-jii llow oside of,.405 

Turkeys. 048 

Turners, oemeiils for.787 

Tni»iug'lK-m I., i. 64 

Turnip,. 636 

Turpi'Otine, spirits of, to dissolve 

CO pal w,. 790 

Types, prifilers', composition of,.,.. 897 


Uranium, 


Variium, Leyden. 225 

Vapour, efl'ects of on flame,........ 861 

Variation, scale of. 20 

Varnish, amber.793 

—- copal. 790—791 

— for electric uses.207 

- - seed-lac. 792 

-sbeil-lac.792 

- for metals,.847 

*Vaniislies, polislisng of. 796 

Vegetable remedies, to preserve.862 

Vegetables.491 

Ventriloquism. 67 

Venus, phenoinena of. i. 689 

VnrdigTis. 788. 738. 749—760 

-see noipper, actiaie of. 

Verge, magnetism of, injurious to 

* watohea,.. 177 

tVemilioii,.867 

f—" , - - to prepare, ..872 

^emiia, to keep from injuring seeds, 828 

Wtsssels, brewing. 508 

--evaporating.808 


PW 

Vetaels,iron,eenentfor,.. fW 

Vesta, ptwoousena of, L.Mil' 

Vetch....4»l 

Vioe, band, L t§ 

--large, potHion erf', aasl mode «# , 

oaing, i,‘..11—IS 

^ Vine, bleeduig of foe, to atop,.661 

Vinegar, arMnaUc, ......... qp., 433 

- new mode of piwpering,.... 824 

- rolatUe, aalt of,, 4S3 

Vinery, iaelinalkin of ro^ for.. 664 

Vision, angle of, foe mnaNeat, i..... 460 

-maeb influenced by babit, i 465 

--phenomena of, L. 464—469 

-preoantieiis tO|ireaenro4*462—468 

Volcanoes, artiflcial. 835- 

Voyages, aeroatalio, foe iongeat and 

faigbest... ISH 


Waggon, foe draught of up-bill, L.. 817 
Walls, brick, middle of, left without 

moHar, to obtain drynesa, i. ... 211 

-Slone, for fences. 594—595 

-— terms applied to, end 

modes of building, i. 222—228 

Waiont tree, iu naca, i.. 87 

W'aste, tanner's.608 

Water and spirit, speciflo gravity of 

mizturea of,. 97 

- combustion under.887 

- compoahiott of,. 351 

- - drops of, converted into burn¬ 
ing lenses, i... 465 

- forced forougb gold ,73 

-motion of, b flowbg out of 

reservoir.. 

—— motion of, in rivers,... 109 

— - proper sort for dyebg.. , 554 

- mb and sea, bow for ooaimNi- 

sible,. 71 

- running, instnanont to obtan | 

foe velocity of,. hq 

- screw for raiabg,..... 116—l3e 

- sea, as mamira, 614 

- foe moat aaitabb for hmwing, 60$ 

- three states of, ... 486—487 

- toillumbatn,^..;.,uj 

- to iminwgiMto wlfo earbonb 

.. 

-- v«l*oityof,ifiAHn»tbdiffbreM 

parte^ fo i w a i a t aootiooofaalrwBn, 109 
•—— • oofcic foot olj. V.. -3 

Wutw Mmi aw ri. ...71»—789 

— ' .. dtoeefoiua fearpfoMbiir* ' 

w,.. m .. r4m>^743 

WateiHBilta, rates relatira tm foe - - 
owMtrnotlon of, i.44T 
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W*t<nnfXWt> 

wwwiMtiiw of iir?e<tri«}ty 

flFUNw,,^ afiiteir mtrnva, ....... 1 tl 

. . 
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MW^'^. ^*>7 
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WmXf *ikr, •« '*■: 
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dMnrieAi,.t>33 

W«<%«. «)HitnKl of r»«n,f on, «.UH 

——dNHir; of. ..3i7--;iH» 

W*»k. i. .fill* 

Woifbt ki> 4 diSer^orc nf. t. K7t) 

WeMng of irw«, •.,.lU - T3 

fWb««t. ealtare **f, . 
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--ami •!)<*.... 311 -3U 
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.. ovfftritot, »«ij)r*ri«>f t> of, i., . 33-1 
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•bot. (Miorr#. to v 

t>i|aai on, i. ........... 3 Ifi 

.. i ,n i "»" i i^trai, fnr a atill, i-........ 3 .j1 

Wlwal*, of 4 t»]ui 3 ^. i. 372 

. . 4 . 11 —. —. ami tii lUc 

diamotirr* of, .. 3HJV - 3HW 

arm of, to be tapormi. i.. 313 
. . btvrilcd, mimsitif-f* of, ...... 370 

■ .. W0 of Iwoid and oanrow roii- 

aUemd, 1 .373 

H I— . . formatiw of tbf icetb of, i. 35(>— 

3C3 

. . . . losglh of file naics uf. i.373 

method of netting oat. i. S-iS-S-Vt 
—— {Msition of tbe «{xikeii of. i. . 372 

>—TTH arie^ of, t.371. 374 

—H tooth of, ahould not art til) 
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Whoalarork, revoiation* of dillVrenl 

p«ru ot 1 m>« oatimated. i. 323 
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WkiM. fer feiKang.5»7 

«||flfMwiwta..*. 51 

for 5417 

. 41 

—.omae «f.. . 42 

Wlad'iijMiiga, •................. 89"—41 

WMlwa* tf»« of‘*****>**»41ra to, i». . 34H 

'.. w 'i «i!* » riar>irti<Wi of * nHut'a.fofiae to 

> tiuniiif. i,843 
■Wiwiawa, decoritod. i..... 14f 
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fijlndow*, NormtH, i... 134 

WindowN |wr|t»iidim})at •Eot^ikh, i.. 153 
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Yltria. 4-14 
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SHao, rfirbaret of...31t’J 

- bow readrmt malinildi', i. 411 

——- Oi^idr of. ila ainiple clortiae at- 

tiiui.liiine,... 52 fl 

—— p!MW 4 ihrtrcl of.. 3't'j 

—n—*”4 allov* of,. 3't*> '•31>2 

-- »ini|de elrrlnc atlrai-lii»»m of,. . . 52 H 

-tiaed in bi ll metal, i... 4,4 

.. 15'* 

Zodiac. L. <511 

-—--coiutellatiuns «f, i.*573 


PrioUtHy t'i»ktr, Cat ion rn ai, London. 







































































